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(54) Tumor immunotherapy using anti-idiotypic antibodies 

(57) The present invention relates to methods which 
utilize anti-idiotypic antibodiee, or fragments thereof, for 
tumor immunotherapy or immunoprophylaxis. Mono- 
clonal anti-idiotypic antibodies which recognize an idio- 
type present on a second antibody or on a T lymphocyte 
or on an immune suppressor factor which is directed 
against a defined tumor antigen, can be used for immu- 
nization against a tumor, for immune anti-tumor activa- 
tion or inhibition of suppression, or for in vitro activation 
of lymphocytes to be used in adoptive immunotherapy. 
The anti-idiotypic antibodieSp or fragments thereof, can 
also be used to monitor anti-antibody induction in 
patients undergoing passive immunization to a tumor 
antigen by administration of anti-tumor antibody. In 
another embodiment, administration of T lymphocytes 
which express an idiotype directed against a defined 
tumor antigen can be used to transfer delayed-type 
hypersensitivity to the tumor. In another method of the 
invention, the induction of anti-idiotypic antibodies in 
vlvD by administration of anti-tumor antilsody or Immune 
cells or factors exhibiting an anti-tumor idiotype can be 
therapeutically valuable. 
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Description 

1 ■ FIELD OF THE INVENTION 

5 The present iiwention Is directed to methods which utilize anti-idiotyplc antibodies for tumor immunotherapy and 
immurkoprophylaxis. The invention relates to the manipulation of the idiotypic network of the immune system for thera- 
peutic advantage, e^ by use of anti-idiotypic antibody for immunization against tumor, for inhibition of immune sup- 
pression mediated by suppressor T cells or suppressor factors expressing an idiotope directed against a tumor antigen, 
for activation of lymphocytes used In adoptive Immunotherapy, etc. In a specific embodiment, monoclonal antl-idlotypic 

10 antilsodies which were raised against the idlotype of an antibody that defines a self-difforentiation antigen, such as an 
oncofetal, or differentiation antigen, can be used in yjvg to induce an immune response against tumors bearing the 
oncofetal antigen. 

The anti-idiotypic monoclonal antibodies of the present invention are valuable in tumor immunotherapy and immu- 
noprophylaxis, and of general importance In human medicine. The molecules of the present invention may also be used 
15 as reagents in immunoassays such as ELISA tests and radioimmunoassays which are useful as diagnostic tools for the 
detection of antitumor antibodies or tumor antigens, and in immunoabsoiption assays which are useful for the isolation 
and Identrflcatlon of anti-tumor antibodies. In addition, these reagents will be valuable tools In understanding the devel- 
opment and growth of neoplasia. 

20 2. BACKGROUND OF THE INVENTION 

2.1. ANTI-IDIOTYPIC ANTIBODIES 

Anti-idiotypic antibodies or anti-idiotypes are antibodies directed against the antigen-combining region or variable 

25 region (called the idiotype) of another antibody molecule. In theory, based on Jerne's network model of idiotypic rela- 
tionships (Jerne, N.K., 1974, Ann. Immunol. (Paris) 125c:373; Jerne, N.K., et al., 1982, EMBO 1:234), immunization 
with an antibody molecule expressing a paratope (antigen-combining site) for a given antigen should produce a group 
of anti^anti bodies, some of which share with the antigen a complementary structure to the paratope. Immunization with 
a subpopulation of the anti-idiotypic antibodies should in turn produce a subpopulation of antibodies or immune cell 

30 subsets that are reactive to the initial antigen. 

A network of idiotopes and anti-ldiotopes has been invoked to explain immune regulation, with comnmn or related 
idiotopes of antibodies, B lymphocytes, and various subsets of T lymphocytes and their soluble products interacting 
with anti-idiotopes (Jerne, N.K., 1974, supra : Urtiain, J., et al., 1977, Proc. Natl. Acad. 8ci. U.8.A. 74:5126; Rajewski, 
R. and Takemori, T, 1983, Ann. Rev. Immunol. 1:569). Studies which have been done on immunity to both haptens and 

35 viral antigens indicate that B ceil derived anti-idiotypic antibodies can induce T cell responses (Rajewski, R. and Take- 
mori, T, supra : Urbain, J., et a!., supra : Binz, H. and Wigzell, H., 1978, J. Exp. Med. 147:63). For example, ErtI et al. 
immunized mice with a Sendai virus-specific T cell clone and produced an anti-idiotypic mAb which regulated the DTH 
response to Sendai virus (ErtI, H.C.J., et al., 1982, Proc. Natl. Acad. Sci. U.S.A. 79:7479). As evidence for a B cell anti- 
body arising in response to a T cell idiotope, Kennedy et al. observed tumor rejection, but no antitumor antibodies, in 

40 mice treated with anti-idiotopic antibodies relating to the SV40 T antigen (Kennedy, R.C., et al., 1985, J. Exp. Med. 
161:1432). TTie administration of exogenous anti-idiotypic antibody can exert enhancing or suppressive influences, 
dependent on, among other variables, tlie dose of tlie antibody (Reth, M., et al., 1981, Nature (London) 290:257). 

2.2. TUMOR-ASSOCIATED ANTIGENS 

45 

A variety of tumor-associated antigens (TAA) have been described. One class of TAA is the tumor-specrfic trans- 
plantation type of cell-surlace antigen (TSTA), which has been recognized by induction of immune responses in tumor 
transplant experiments. 

Another class of TAA is the oncofetal or differentiation antigen. Oncofetal antigens are mainly embryonic or fetal cell 
so products which are expressed by malignant cells due to derepression of the embryonic genes. One example of human 
oncofetal antigens are the carcinoembryonic antigens (CEA) of the colon. TTiis set of antigens is found on tissues 
derived from Hie fetal gastrointestinal tract, and on tumors of the gastrointestinal tract. Alpha-fetoprotein is another 
known oncofetal antigen, which is secreted by hepatocarcinoma cells, as well as malignant yolk sac and fetal liver cells, 
and the proliferating fraction of adult liver cells. 
55 A third class of TAA includes virally-induced tumor antigens. These include the T antigen induced by DNA tumor 
viruses, and the envelope antigens of RNA tumor viruses. 

A variety of human cell-surface TAA has been detected in human neoplasms by mouse monoclonal antibodies 
(Hellstrom, K.E., et al., 1982, Human Tumor-Associated Antigens Identified by Monoclonal Antibodies, in. Springer 
Seminars in Immunopathology: Mechanism of Host Resistance in Cancer. Springer, New Y3rK pp. 127-146; Herlyn, M., 
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et al., 1984, in, Contributions to Oncology, Karger, Basel, Switzerland, Vbl. 19 pp. 160-170; Reisfeld, R.A. and Sell, S., 
eds., 1985, Monoclonal Antibodies and Cancer Tlierapy; UCLA Symposia on Molecular and Cellular Biology New 
Series, Vol. 27, Alan R. Liss, Inc., New York). Many of these antigens are termed oncofetal, since they are expressed 
strongly by tumors and certain embryonic cells and much more weakly by normal cells from the adult host. Other tumor- 

s associated antigens have been detected by their ability to stimulate host cell-mediated immunity (CMI) in human cancer 
(Hellstrom, K.E., and Hellstrom, I., 1969, Adv. Cancer Res. 12:167-223; Halliday, W.J., and Maluish, A.E., 1982 in. 
Assessment of Immune Status by the Leul^yte Adherence Inhibition Test, Academic, New \brkpp. 1-26; Herberman, 
R.B., 1974, Adv. Cancer Res. 19: 207-263; Thomson, D.M.R, 1960, Cancer Res. 29: 627-629; Halliday, W.J., et al; 
1975, Int. J. Cancer 16:645-654) and in tumor-bearing animals (Jaranger, LA., et al., 1972, Science 176: 1337-1340; 

w Halliday, W.J., et al., 1974, Cell Immunol. 10:467-475; Steele, G., et al., 1975, J. Natl. Cancer Inst. 54: 959-967). Some 
of these antigens are also oncofetal, but their molecular nature and relationship to the antigens defined by mouse mon- 
oclonal antibodies are unclear. 

Rat monoclonal antibodies to antigens shared by mouse bladder carcinomas have been obtained recently (Hell- 
strom, I., el al., 1982, Int. J. Cancer 29: 175-180; Hellstrom, I., et al., 1985, Cancer Res. 45: 2210-2218). One of the 
15 antibodies, 6.1 0, was shown to be specific tor a bladder tumor oncofetal antigen (Hellstrom, I., et al., 1985, Cancer Res. 
45:2210-2188). 

Unmodified tumor antigen (Hoover, H.C., et al., 1985, Cancer 55:1236-1243; Mclllmurray, M.B., et al., 1978, Br. 
Med. J. 1:579-580} and live recombinant viruses (Earl, PL, et al., 1986, Science 23:728-731; Lathe, R., et al., 1987, 
Nature 236:878^880) have been used in attempts to induce therapeutically beneficial anti-tumor immune responses. 

20 

2.3. IDIOTYPIC MANIPULATIONS OF TUMOR IMMUNITY 

Several idiotypic manipulations of tumor immunity have been reported. Nepom et al. (1984, Proc. Natl. Acad. Sd. 
U.8.A. 81 :2864-2867) described induction of tumor immunity where an oncofetal antigen was introduced into a xeno- 

25 geneic host. Polyclonal anti-idioiypic antibodies were prepared which recognized idiotypic determinants on a mouse 
antibody to the p97^ epitope of human melanoma antigen p97. The polyclonal antisera could induce, in mice, both CMI 
and an Ab3 response to p97. Forstrom et al. (1983, Nature (London) 303:627-629) used an anti-idiotypic antibody to 
induce CMI in mice to a syngeneic chemically induced sarcoma. In this study the anti-idiotypic antibody was an auto- 
antibody produced by hyperimmunization to the tunwr, and the tumor antigen was not a defined molecule. The studies 

30 of Flood et al . (1 980, Proc. Natl. Acad. Sci. US. A. 77:2209-221 3) and Binz et al. (1 982, Int. J. Cancer 29:41 7-423) dem- 
onstrated Idiotypic manipulations of tumor Immunity in syngeneic systems, with undefined antigen molecules. Flood et 
al. showed evidence that murine anti-idiotypic T lymphocytes could participate in an autoimmune reaction to fibrosar- 
ooma-specific T lymphocytes, and thus adversely affect an individual's immune response to a tumor. Binz et al. used 
anti-idiotypic antibodies to induce la uttm proliferation of T lymphocytes specifically cytotoxic to rat sarcoma cells. 

3s Additional studies have looked at the effect of anti-idiotypic antibodies on tumor growth. Tilkin et al. (1981, Proc. 
Natl. Acad. Sci., U.S.A. 78:1809-1812) showed that immunization of mice with lymph node cells sensitized to an uni- 
dentified sarcoma antigen resulted in tumor rejection and growth inhibition. Kennedy et al. (1985, J. Exp. Med. 
161:1432-1449} described the suppression of tunmr formation in mice challenged with 8V40-transibrmed cells, after 
injection with polyclonal anti-idiotypic antibodies related to the SV40 antigen. 

40 Koprowski et al. (1984, Proc. Natl. Acad. Sci. U S A. 81 :21 6-219) showed the presence of anti-idiotypic antibodies 
in patients who had a remission of carcinoma after administration of a monoclonal antibody directed against human 
gastrointestinal cancer. 

2.4. SUPPRESSOR CELLS AND SUPPRESSOR FACTORS 

45 

The suppressor cell/facfcor cascade has been recognized in tumor and model systems (Nepom, G.T, et al, 1983, 
Experientia 39:235; Asherson, G.L., etal., 1984, Immunology 53:491 ; Dorf, M.E. and Benaceiraf, B., 1984, Ann. Rev. 
Immunol. 2:127). Si^spressor cells play an Important role In regulating tumor Immunity (Greene, M.I., el al., 1977, Proc. 
Natl. Acad. Sci. U S A- 74:5118; Hellstrom, K.E., et al., 1978, J. Exp. Med. 148:799; Nepom, G.T., et a!., 1983 Experi- 

50 entia 39:235; North, R.J., 1982, J. Exp. Med. 155:1063; Vkmauchi, K., etal., 1979, J. Immunol. 123:1653). Some of 
these cells produce suppressor liactors (SF) (Nelson, K., et al., 1975, Int. J. Cancer 16:539; Greene, M.I., et al., 1977, 
J. Immunol. 119:759; Koppi, T.A. and Halliday, W.J., 1983, Cell. Immunol. 76:29) which can be detected in sera from 
tumor-bearing animals and human patients through the inhibition ("blocking") of in vitro manifestations of cell-mediated 
immunity (CMI) (Hellstrom, K.E., et al., 1978, J. Exp. Med. 148:799; Hellstrom, I., et al., 1969, Proc. Natl. Acad. Sd. 

55 U.S.A. 62:362; Baldwin, R.W., 1973, Adv. Cancer Res. 18:1; Halliday, W.J., etal., 1974, Cell. Immunol. 10:467; Steele, 
a, etal., 1975, J. Natl. Cancer Inst. 54:959; Hellstrom, K.E., et al., 1977, Biochim. Biophys. Acta 473:121; Halliday, 
W.J., el al., 1960, J. Natl. Canoer Inst. 65:327; Kbppi, TA. and Halliday, W.J., 1981, J. Nail. Cancer Inst. 66:1089; 
Kuchroo, V.K., etal., 1983, Cancer Res. 43:1325; Kbppi, T.A., et al., 1981 , J. Natl. Cancer Inst. 66:1097). Some SF have 
tumor specificity and can be removed from serum by absorption with the respective tumor or tumor-related antigen but 
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not wiUi tumors expreesing different antigens (Kuchroo, V.K., et al., 1983, Cancer Res. 43:1325; Baldwin, R.W., 1973, 
Adv. Cancer Res. 18:1; Hellstrom, K.E., et al., 1977, Biochim. Biophys. Acta 473:121; Kbppi- Reynolds, T.A. and Halli- 
day, W.J., 1984, Immunol. Lett. 8:219). This suggests tiat there is a binding site or idiotope on SF molecules, comple- 
mentary to the tumor antigen determinants (Nepom, G-T, et al., 1983, Experientia 39:235; Hellstrom, K.E., et al., 1977, 

5 Biochim. Biophys. Acta 473:121). It has been reported that circuiating SF bind to antibodies from mice hyperimmunlzed 
with tumor cells, suggesting that the antibodies are complementary to idiotypic determinants on the SF (IHellstrom, K.E., 
et al., 1977, Biochim. Biophys. Acta 473:121 ; Nepom, G.T., et al., 1977, Proc. Natl. Acad. Sci. U.S.A. 74:4605); in these 
studies, both the antil^ody arKi suppressor cell responses were assumed to be polyclonal. Certain immune sera, 
obtained after tumor removal or regression, abrogate ("unblock") the antigen-specific suppressive fbloclang") activity 

10 of tumor-bearer sera as measured in vjtro (Halliday, W.J., el al., 1974, Cell. Immunol. 10:467; Hellstrom, I. and Hell- 
strom, K.E., 1970, Int. J. Cancer 5:195). It has been theorized that this "unblocking" effect was mediated by anti-idio- 
typic antibodies (Hellstrom, K.E., et al., 1977, Biochim. Biophys. Acta 473:121). It was reported that ""unblocking" 
antibodies had a therapeutic effect in rats with primary or transplanted polyoma virus-induced tumors (Bansal, B.C. and 
Sjogren, H.O., 1972, Int. J. Cancer 9:490; Sjogren, H.O. and Bansal, S.C., 1971, in Progress in Immunology, Amos, B., 

IS ed.. Academic Press, New York p. 921 ; Bansal. S.C. and Sjogren, H.O., 1971, Nature (New Biol.) 233:76). 

3. SUMMARY OF THE INVENTION 

The present invention is directed to methods which utilize anti-ldiotypic antibodies, or fragments thereof, for tumor 
20 immunotherapy and immunoprophylaxis. The invention relates to the manipulation of the idiotypic network of the 
immune system for therapeutic advantage. Particular embodiments include the use of arrtl-idiotypic antibodies for 
immunization against tunmr, for activation of lymphocytes to be used In adoptive Immunotherapy, and for inhibition of 
immune suppression mediated by suppressor T cells or suppressor factors expressing an idiotope directed against a 
tumor antigen. In specific embodiments, monoclonal anti-idiotypic antibodies, or fragments thereof, (a) which were 
25 raised against the idiotype of an antibody that defines a tumor antigen, such as an oncofetal or differentiation antigen, 
and (b) which exhibit tumor-specific properties such as induction of tumor-specific cell mediated immunity (as meas- 
ured by various assays, the leukocyte adherence inhibition assay or the delayed-type hypersensitivity assay), inhi- 
bition of anti-tumor antibody binding, etc. are identified. The monoclonal anti-idiotypic antibodies, or fragments tiiereof, 
which demonstrate immunopotency can be used in vivo in a patient to induce an immune response directed against 
30 tumor cells that bear tiie tumor antigen. The anti-idiotypic antibodies, or fragments thereof, can also be used to monitor 
anti-antibody induction In patients undergoing passive immunization to a tumor antigen by administration of anti-tumor 
antibody. 

In another embodiment, the induction of anti-idiotypic antibodies in vivo by administration of anti-tumor antibody or 
immune cells or factors exhibiting the anti-tumor idiotopes, can be of therapeutic value. 

35 The invention is also directed to the monoclonal anti-idiotypic antibody molecules, antibody fragments, or chemi- 
cally nrKx:lrfied antibodies or fragments, which recognize an idiotype directed against a defined tumor antigen. The mol- 
ecules of the invention may be produced by any technique known in the art, including the hybridoma technique 
originally described by Kohler and Milstein (1 975, Nature 256:495-497), the human B-cell fiybridoma technique (Kiozbor 
et al., 1983, Immunology Today 4:72), and the EBV-transfbrmation technique (Cole et al., 1985 Monoclonal Antibodies 

40 and Cancer Therapy, Alan R. Lies, Inc., pp. 77-96). 

The invention Is illustrated by way of example in which serotherapy of mice by injection with anti-idiotypic antibodies 
related to a murine fibrosarcoma delayed the appearance and caused regression of transplanted sarcoma. A T cell line 
was established which expressed an idiotope directed against a fibrosarcoma, and which oouid transfer deiayed-type 
hypersensitivity to the fibrosarcoma. 

45 In another example of the invention, a mouse monoclonal anti-idiotypic antibody which is specrfic to an idiotype 
which recognizes a human melanoma-associated GD3 ganglioside antigen is described. The anti-idiotypic antibody 
was demonstrated to prevent binding of tiie anti-GD3 antibody to its antigen, and to inhibit both complement- and anti- 
body-dependent cytotoxicity of the anti-GD3 antibody. By using the anti-idiotypic antilsody as a probe, an assay was 
developed to monitor human antibodies to the anti-GDS antibody in patients receiving the anti-GD3 antibody for thera- 

50 peutic or diagnostic purposes. 

In a third example of the invention, mouse monoclonal anti-idiotypic antibodies which recognize an idiotype 
directed against a human melanoma-associated p97 antigen are described. Monoclonal anti-idiotypic antibodies were 
obtained which could competitively inhibit the binding of p97 to anti-p97 antibody, and which could induce antibodies to 
p97 in vivo . 

55 In another example, we describe murine monoclonal anti-idiotypic antibodies which recognize an idiotype on mon- 
oclonal antibody Ij6 which defines a carbohydrate antigen of human carcinomas. Anti-idiotypic antibodies were 
olstalned which were capable of inducing antibodies jn vivo reactive with tiie carcinoma antigen defined by antibody L6. 

The antibody nrxslecules of the Invention, fragments of the antibody nwlecules containing the idiotype of the nmle- 
cules, or chemical modifications of these molecules can be used to assay for tiie presence of anti-tumor antibodies. 
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tumor antigen by oompetition assays, and the induction of cell-mediated tumor immunity in immunopropliylactic and 
immunotherapeutic applications. 

3.1. DEFINITIONS 

5 

As used herein, the following abbreviations will have the meanings indicated: 

Ab1 = antibody 1 ; the initial antibody of an anti-idiotypic antibody cascade 

Ab2 = antibody 2; anti-idiotypic antibody directed against an idiotype of Abl 

10 Ab3 = antibody 3; anti^nti-idiotypic antibody, directed against an Idiotype of Ab2 

ADGC = antibody-dependent cellular cytotoxicity 

anti-Id = anti-idiotypic antibody(ies) 

BTCC = bladder transitional cell carcinoma 

CDC = complement-dependent cytotoxicity 

15 CM I = cell-mediated immunity 

DTH = delayed-type hypersensitivity 

FACS = f luorescencenactivated cell sorter 

FCS = fetal calf serum 

FITC = fluorescein isothiocyanate 

20 HRP = horseradish peroxidase 

Id = Idiotope 

Ig = Immunoglobulin 

i.p. = intraperitoneal 

i.v. = intravenous 

25 kDa = kiloDalton 

KLH = keyhole limpet hemocyanin 

LAI = leukocyte adherence inhibition 

mAb = monoclonal antibody(ies) 

MCA = 3-methylcholanthrene 

30 OPD = 0-phenylene diamine 

par = parental (p97-negative) C3H/HeN mouse melanoma line K-1735-M2 

PBS = phosphate buffered saline 

PC = peritoneal cells 

8C = spleen cell 
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4. DESCRIPTION OF THE FIGURES 



Figure 1 . A schematic diagram of four types of idiotypic and anti-idiotypic responses initiated by antigenic stimuli. 
Th (Fig- 1 B, 1 □} or Ts (Fig. 1 C) substituting for Ab1 in the stimulation of anti-idiotypic antibody production is illustrated. 
40 Figure 2. A schematic diagram of three pathways by which Ab2 can induce antitumor immunity. Figure 2A shows 
the induction of antigen specific Th upon immunization with Ab2. The elicitation of normally ""silenT Abl specificities is 
illustrated (Fig. 2B), as is the triggering of Id*^ T5 (Fig. 2C). 

Figure 3. A schematic diagram of imnrunlzation with Internal-image anti-idiotypic antibody to elicit anti-antigen 
response. 

45 Figure 4. T cells of line 90.3 (closed circles) inhibit the growth of MCA-1 490 (Panel A) but not MCA-1 51 0 or MCA- 
151 1 (Panels B and C). The growth of tumor mixed with control T cells (open circles) was used for comparison. 

Figure 5. Treatment of tumor-bearing mice with auto-anti-idiotypic mAb inhibits tumor growth. mAb were given intra- 
peritoneally, on days 8, 13, 17, and 21 . Tumor size Is presented as the average area of the tumors for the 10 mice In 
each treatment group. Mice were treated with mAb 4.72 (closed circles), mAb 5.96 (open squares), mAb 8.2 (open cir- 
50 cles) or PBS (dashed line). Difference significant at *p less than 0.05,*"^ less than 0.01 , '^'^^p less than 0.001 . 

Figure 6. Treatment of tumor-bearing mice with auto-anti-idiotopic monoclonal antibodies induces regression of 
growing sarcomas. The number of mice with tumors greater than 0.2 cm? after treatment with mAb 4.72 (closed circles) 
or mAb 5.96 (open circles) is presented for tumor MCA-1 490 (top panel) or MCA-1 51 1 (bottom panel). 

Figure 7. Inhibition of mAb MG-21 binding to M-2669 clone 13 cells by culture supernatant of anti-idiotypic anti- 
55 body-producing hybridoma 2C1 . 

Figure 8. Direct binding of monoclonal anti-idiotypic antibody 2C1 to mAb MG-21. Various concentrations of mAb 
2C1 (closed circles) or control immunoglobulin PI. 17 (closed triangles) were added to polyvinyl chloride wells pre- 
coated with mAb MG-21 . 

Figure 9. Specificity of anti-idiotypic mAb 2C1 for MG-21 as compared to various mAbs. 
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Figure 1 0. Cell-sorting profiles of FITC-conjugated MG-21 against M-2669 cells in the presence or absence of mAb 
2C1 . Tumor cells were stained witli FITC-conjugated IMQ-21 alone (40 ug/ml, panel a) or remained unstained to obtain 
the background level (panel b). Panels c through f show Inhibition of staining with FITG-conjugated MG-21 In the pres- 
ence of mAb 2C1 at different concentrations (panel c, 160 ug/hil; panel d, 80 ug/ml; panel e, 40 ugAnl; panel f, 20 
5 ug/ml). Panels g and h show staining of FITC-oonJugated MG-21 In the presence of mAb 26.8 (160 ugAnI) and PI .17 
(160 ug/ml). 

Figure 11. Blrx:llng of purified anrtl-idlotypic antibody (Ab2) to Fab fragments of an1i-p97 mAb 96.5. Fab antibody 
fragments of mAb 96.5 were plated and blocked, various dilutions of Ab2 added, and the binding of Ab2 detected by 
addition of HRP-labelled goat anti-mouse IgG, as described in Section 8.1.5. 
10 Figure 12. Ab2 can inhibit the binding of mAb 96.5 to 8K MEL-28 cells. Antl-p97 mAb 96.5 (0.33 ug/ml) was mixed 
with purified anti-idiotypic antibody (Ab2) (10 ug/ml) and added to SK MEL-2d cells, which express approximately 
400,000 molecules of p97 per cell and which had been plated onto the wells of Immunolon plates. The binding of mAb 
96.5 to the cells was detected by an ELISA and the inhibition of this binding by Ab2 was calculated. 

Figure 13. Competitive Inhibition by antl-ldiotypic antibody (Ab2) of the binding of ^^^l-labelled p97 antigen to Fab 
15 fragments of antii397 mAb 96.5. Various dilutions of each Ab2 were mixed with radioiodinated p97, and the binding of 
p97 to Fab fragments of m/^b 96.5 was determined in a solid phase assay 

Figure 14. Anti-ldiotypic antibody (Ab2) can inhibit the binding of Fab fragments of anti-pg? mAb 96.5 to radida- 
belled p97. Fab fragments of mAb 96.5 were plated onto the wells of Immunolon plates, and Ab2 (10 ug/ml) was added. 
The Ab2 were tested for their ability to decrease the binding of radiolabelled p97 to the Fab-coated wells, by blocking of 
20 the p97-binding sites on the Fab fragments. 

Figure 15. Assays of the ability of mAb which recognize different epitopes of the p97 antigen to inhibit the binding 
of Ab2 to Fab fragments of anti-p97 mAb 96.5. Each antl-p97 mAb was mixed with the Ab2 to be tested, and added to 
plates coated with Fab fragments of mAb 96.5, followed by addition of goat anti-mouse igGi -HRP to detect the binding 
of the respective Ab2 to the Fab fragments. The binding of a given Ab2 was tested alone (closed circles), or In the pres- 
25 ence of Pi. 17 control immunoglobulin (X")Q, and compared with the binding seen after various mAb specific for p97 
had been added (open circles). 

Figure 16. Binding of plated anti-idiotypic antibody (/^b2) to different anti-p97 m/U>, and the effect thereof on the 
ability of the anti-p97 mAb to subsequently bind p97. Each Ab2 was plated, various concentrations of anti-p97 m/\b 6.2, 
4.1, or 96.5 were added, and the binding of any bound antl-p97 mAb to radioiodinated p97 was measured. 
30 Figure 1 7. Binding of plated anti-idiotypic antibody (Ab2) to different anti-p97 m/\b, and Uie effect thereof on the 
ability of the antl-p97 mAb to subsequently bind p97. Each Ab2 was plated, various concentrations of anti-p97 mAb 
96.5 (Panel A, solid line), m/\b 133.1 (Panel A, dashed line), or mAb 133.3 (Panel B) were added, and the binding of 
any bound anti-p97 mAb to radioiodinated p97 was measured. 

Figure 1 8. Panel A: Binding, to plated p97, of mouse sera containing Ab3. The sera were derived Irom BALB/c mice 
35 which had been immunized with anti-idiotypic antibodies conjugated to KLH. Panel B: Binding, to plated p97, of mAb 
96.5 and of sera pooled from mice immunized to p97. 

Figure 19. Inhibition of the binding of p97 to Ab3, by p97-positive cells but not by p97-negative cells. p97-positive 
2A (p97 gene-transfected mouse melanoma K-1735-M2 line) cells, but not p97-negative (parental K-1735-M2} cells, 
were able to inhibit the binding, to plated p97, of Ab3 from immunized BALB^c mice. Panel A shows data from mice 
40 immunized with Ab2 #3, and Panels B, C, and D show data from mice immunized with Ab2 #7, #4, and #5, respectively 
Figure 20. Antibody binding to plated p97 was tested after absorption of the antibody with p97-po5ltive 2A cells 
(2a), p97-negative parental K-1735^M2 cells (par), or antibody alone. Panel A: Absorption of m/Vb 96.5 with 2A cells 
inhibits the binding of mAb 96.5 to plated p97. Panel B: Absorption, with 2A cells, of serum antibodies (alpha-p97) from 
mice immunized witii p97, inhibits the binding of tiie serum antibodies to plated p97. Panel C: Serum antibodies (alpha 
45 pi .1 7) from mice immunized with pi .1 7 do not bind p97. Panel D: Normal mouse serum (NMS) does not bind p97. 

Figure 21 . Binding to plated p97 of Ab3 in serum of imnunized mice. C3l-l/HeN mice were immunized with anti-idi- 
otypic antibodies (Ab2) conjugated to KLH. Binding of Ab3 in serum from tiie immunized mice, to p97 antigen, was 
detected by a solid phase ELI8A. 

Figure 22. Binding to plated p97 of mAb 96.5. Binding of anti-p97 mAb 96.5 to plated p97 antigen was detected by 
50 a solid-phase ELISA. 

Figure 23. Inhibition of the binding of mAb L6 to H-3347 carcinoma cells by purified Ab2. Ab2 concentrations were 
as follows: ^Z] 50 ^ml; 5.0 Mfml] 0.5 \xgfimA; 0.05 ij^ml mAb Ij6 was used at 1 .0 pg/ml. 

Figure 24. Binding of FITC-labelled Ab2 to Fab L6 saturated H-3347 cells. Part A: Results are shown for the follow- 
ing Ab2: -#- 1 ; ^ 3; -^B- 7; -A- 9; 1 1 ; -^3-13; -A- 15. Part B: Results are shown for the following Ab2: -^B- 
55 2; -A- 4; 6; 8; i — i 10; -0- 12; 14. LFE (linear fluorescence equivalent) Ratio is equal to the ratio of 
sample fluorescence to background fluorescence. 

Figure 25. Binding of FITC-labelled Ab2 to PE-labelled 16 saturated H-3347 cells. TTie tested Ab2 Is Indicated 
below each graph. — FITC-labeled Ab2; — Phycoerythrin-labelled mAb LB at 1 :25 dilution of approximately 1 mg^^1l 
solution. RFL LFE Ratio: red fluorescence linear fluorescence equivalent (ratio of sample fluorescence to background 
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fluorescence of phyooerythrin); GRFL LFE Ratio: green fluorescence linear fluoreeoence equivalent (ratio of sample flu- 
orescence to background fluorescence of FITC) 

Figure 26. Inhibition of binding of mAb F26 to H-3347 cells by L6 Ab2. Ab2 concentrations were as follows: I7n 
200 iigMi; 20 ^g/ml; 2.0 \iQ/m\. mAb F26 was used at 1.0 ^g/ml. 

5 Figure 27. Ab2 epitope specificity. Competition assays for LB anti-ldiotype variable region specificity were per- 
formed as described in Section 9.1.9, infra . Competitors were added at a concentration of 6 \iQ/fn\ for 0.5 hour prior to 
the addition of biotinylated chimeric Ij6 antibody, resulting in a final concentration of 4 ^ml for the latter. Competitors 
were as follows: chimeric L6 mAb; i^^ the variable heavy chain of chimeric Ij6 mAb plus J558L lamlxia I light 
chain; o varialsle light chain of chimeric Ij6 mAb; irrelevant human lgG1 (PW P3281B8}. The irrelevant human 

10 IgGI showed no inhibition for any Ab2. Direct binding studies showed no recognition of any of the V-kappa Ab2 for the 
chimeric L6 heavy chain and vice versa. 

Figure 28. Inhibition of binding of Ab2 to Abl in the presence of BALB/c (Part A) or C3hl/HeN (Part B) sera contain- 
ing Ab3. Dilutions of Ab3-oontaining sera were as follows: EZZ 1 :20; 1 :200; 1 :2000; 1:20,000. Ab2 was 
used at 1.0|xg/mi. 

15 Figure 29. Binding to H-3347 carcinoma cells of affinity-purified sera from C3H/HeN mice immunized with Ab2. 
Sera was taken 6 to 20 weeks after the first immunization. Antisera were as follows: — anti-Pi -1 7; -^H- anii-Ab2 #3; 
-B- anti-Ab2 #11;^ anti-Ab2 #12; -0- anti-Ab2 #13; anti-Ab2 #14; -At anti-Ab2 #15. The binding of mAb Ij6 
at a concentration of 0.016 iig/lml (— -) is also shown. LFE (linear fiuoreecence equivalent) i=1atio is equal to the ratio of 
sample fluorescence to background fluorescence. 

20 Figure 30. Binding to H-3347 carcinoma cells of aff inrty-purrfied sera from BALB/c mice immunized with Ab2. Sera 
was taken 6 to 24 weeks after the first immunization. Antisera were as Ibliows: — anti-P1-17; anti-Al32 #3; 
an1j-Ab2 #1 1 ; -9- anti-Ab2 #12; -A- antl-Ab2 #13; -H- an1i-Ab2 #14; -s- anti-Ab2 #15. TTie binding of mAb L6 at 
a concentration of 0.08 Mg/ml (-— ) is also shown. LFE (linear fluorescence equivalent] Ratio is equal to the ratio of sam- 
ple fluorescence to background fluorescence. 

25 

5. DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to methods which utilize anti-idiotypic antibodies for tumor immunotherapy and 
immunoprophylaxis. The invention relates to the manipulation of the idiotypic network of the immune system for Ihera- 

30 peutic advantage, immunization witii anti-idiotypic antibodies (Ab2) can induce the formation of anti-anti-idiotypic immu- 
noglolsullns, some of which have the same antigen specificity as the aniilsody (Ab1) used to derive the anti-idiotype. 
This creates a powerful paradigm for manipulation of immune responses by offering a mechanism for generating and 
amplifying antigen-specific recognition in the immune system. An Immune response to tumors appears to involve idio- 
type-specrfic recognition of tumor antigen; the present invention relates to strategies for manipulating this recognition 

3s towards achieving tiierapeutic benefit. Particular embodiments of the invention include the use of anti-idiotypic antibody 
for immunization against tumor, for activation of lymphocytes used in adoptive immunotherapy, and for inhibition of 
immune suppression mediated by suppressor T cells or suppressor factors expressing an idiotope directed against a 
tumor antigen. The anti-idiotypic antibodies, or fragments thereof, can also b& used to monitor anti-antibody induction 
in patients undergoing passive immunization to a tumor antigen by administration of anti-tumor antibody 

40 In a specific embodiment, the induction of antiidiotypic antibodies in vivo, by administration of anti-tumor antibody 
or immune cells or factors exhibiting the anti-tumor idiotope, can be of therapeutic value. 

In anotiier embodiment of tiie present invention, monoclonal anti-idiotypic antibodies, or fragments thereof, raised 
against the idiotype of an antibody that defines a self-differentiation antigen, such as an oncofetal, or differentiation anti- 
gen can be administered in viy& to induce a specific immune response directed against tumor cells tiiat bear the oncofe- 

45 tal antigen. Patients having tumors may be immunotherapeutlcally treated with the monoclonal anti-idiotypic antibodies 
of the present invention whereas patients identified as having a predisposition may be so treated immunoprophylacti- 
cally 

The present invention is also directed to anti-idiotypic mAb molecules, or fragments of the anti-idiotypic mAb mol- 
ecules, or modifications thereof, that recognize an idiotype that is directed against a defined antigen specific for a tumor. 

so Such tumor antigens include antigens of fibrosarcoma, self-differentiation antigens such as oncofetal, or differentiation, 
antigens which are expressed by malignant cells, including but not limited to oncofetal antigens such as carcinoembry- 
onic antigens (CEA) of tiie colon, alpha-fetoprotein, tiie human antigenic counterpart or functional equivalent of tiie 1 75 
kOa murine antigen of transitional cell bladder carcinomas, the melanoma associated antigen p97 or GD3, and differ- 
entiation antigens of human lung carcinomas such as L6 and L20, described in more detail infra. 

ss The mAb molecules of the present invention include whole monoclonal antibody molecules and fragments or any 
chemical modifications of tiiese molecules, which contain the antigen combining site that binds to tiie idiotype of 
another antibody moiecule(s) with specificity to a defined tumor antigen. Monoclonal antibody fragments containing the 
Idiotype of the mAb molecule could be generated by various techniques. These Include, but are not limited to: the 
F(ab'}2 fragment which can be generated by treating the antibody molecule with pepsin, tiie Fab' fragments which can 
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be generated by reducing the disulfide bridges of the F(ab*)2 fragment, and tfie 2Fab or Fab fragments which can be 
generated by treating the antibody molecule with papain and a reducing agent to reduce the disulfide bridges. 

Depending upon its intended use, the molecules of the invention may be chemically modified by the attachment of 
any of a variety of compounds using coupling techniques known in the art. This includes but is not limited to enzymatic 
means, Goddative substitution, chelation, etc., as used, for example. In the attachment of a radioisolope for Immu- 
noassay purposes. 

The chemical linkage or coupling of a compound to the molecule could be directed to a site that does not participate 
in idiotype binding, for example, the F^ domain of the molecule. This could be accomplished by protecting the binding 
site off the nmlecule prior to performing the coi^sling reaction. For ejcample, the molecule can be bound to the Idiotype 
It recognizes, prior to the ooupllng reaction. After oompleilon of coupling, the complex can be disrupted In order to gen- 
erate a modified molecule with minimal effect on the binding site of the molecule. 

The antibodies, or fragments of antibody molecules of the Invention, can be used as immunogens to Induce, modify, 
or regulate specific cell-mediated tumor immunity Tliis includes, but is not limited to, the use of these molecules in 
immunization against syngeneic tumors. 

The method of the invention may be divided into the following stages solely for the puipose of description: (a) pro- 
duction of anti-idiotypic mAb(s) (which may be auto-anti-idiotypic) directed against an idiotype which binds a defined 
antigen of a tumor; (b) evaluation and demonstration of tumor idiotype specificity of the anti-idiotypic mAb nmlecules or 
their derivative fragments, for example, by demonstration of imnxjnopotency by induction of specific CMI, of binding to 
specific SLfjpressor T cells or suppressor factors, of binding to specific helper T cells, of inhibition of the binding of anti- 
body directed against the tumor antigen, of inhibition of the cytotoxicity properties of the antibody directed against the 
tumor antigen, etc.; and (c} formulation of immunoprophylactic, immunotherapeutic, and immunodiagnostic regimens. 

In a model system described in a specific example of the present invention, treatment of mice with auto-anti-idio- 
typic antibodies related to a f brosarcoma antigen was shown to specifically reduce the growth of established sarcomas. 
In another example of the invention, a murine nmnoclonal anti-idiotypic antibody which recognizes an idiotype directed 
against a GD3 ganglioside antigen of human melanoma is described. This antibody was able to block the binding and 
cytotoxicity properties off the antibody oontaining the idiotype which It recognizes. In a third example of the invention, 
murine nxanocional anti-idiotypic antibodies related to the human melanoma-associated p97 antigen were described, 
which antibodies can competitively inhibit the binding of p97 to anti-p97 antibody and which can induce antibodies to 
p97 in vivo . In yet another example of the Invention, we describe the generation and characterization of murine nwno- 
clonal anti-idiotypic antibodies which recognize an idiotype on monoclonal antibody LB which defines a caitohydrate 
antigen of human carcinomas. Several of the antibodies are shown to be capable of inducing antibodies in vivo to the 
carcinoma antigen defined by antibody L6. However, the methods described are not limited to melanoma or fisrosar- 
coma or carcinoma antigens, but can be applied to the production and use of anti-idiotypic mAbs related to any specific 
tumor antigens. 

The use of anti-idiotypic antibodies to induce immune responses to tumors can be viewed as two separate issues. 
First, such antilsodies may be used to select or amplify a pre-existing antitumor repertoire, that is, to recruit, via idiotypic 
selection, T and/or B cells with specificity for tumor antigen. Second, anti-idiotypic antitiodies can be employed as "inter- 
nal images'" of antigens to induce a primary immune response which is anti-anti-idiotypic, and a portion of which is 
directed against the nominal tumor antigen. In the latter case, the immune specificity will be against anti-idiotope, rather 
than antigen. 

By using anti-idiotypic antilwdies to induce immunity, T and B cells may be selected which are different from those 
which participate in a naturally occun-ing antitumor response, either as a result of upregulation of an immune response 
that is normally suppressed or t}y the de novo induction of a response. Of significant therapeutic importance Is the 
potential to induce effective antitumor reactivity in hosts which are othenivise incapable of mounting such reactivity 

5.1. IDIOTYPIC INTERACTIONS INITIATED BY ANTIGENIC STIMULI 

In order to effect therapeutic manipulations of the idiotypic recognition off tumor antigens, one must consider the 
nature of the naturally occumng idiotypic response to a growing syngeneic tumor. We shall thus discuss the nature of 
the idiotypic repertoire in the response to stimulation with any antigen. 

Four possible idiotypic and anti-idiotypic responses which can be induced by antigens are illustrated in Figure 1 . 
Figure 1 A shows a sequential progression of induced complementary specificities. In this type of idiotypic cascade, 
immunization with antigen leads to a population of immunoglobulins which carry distinct idiotypes, the sum of which is 
known as the idiotype or Ab1 response. The presence of the Ab1 then induces an anti-idiotypic response, characterized 
by a heterogeneous population of antibodies, known as Ab2, which have specif icrty for the various idiotopes in the Ab1 
population. Directionality of the antigen-elicited response is implied lay the arrows in Figure 1 . The induction of Ab2 by 
Ab1 Is independent of antigen (Urbain, J., etal., 1982, Ann. Immunol. 133D:179-189; Rodkey, LS., 1974, J. Exp. Med. 
139:712; Kelsoe, G. and Cerny, J., 1979, Nature 279:333). There is support for this nrKx:lel (Fig. 1 A) in tumor immunity 
(Lee, V.K., etal., 1986, Biochim. Biophys. Acta 865:127-139; see examples sections inf!^. 
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An idiotypic cascade may also lead to tiie genenation of Ab2 acoonding to the pathway shown in Figure 1 B. Tumor 
antigen recognition induces antigen-specific Th cells, which bear particular idiotopes, presumably on their antigen 
receptor molecules. These T cells then stimulate the generation of an anii-ldiotypic immunoglobulin response in the 
form of a population of Ab2. 

5 What are the Implications of a model in which the Idiotypic cascade proceeds through alternate antibody and T cell 
components? In an analysis of idiotopes associated with tiie response to MCA-induced mouse sarcomas or carcino- 
mas (Lee, V.K., et al., 1986. Biochim. Biophys. Acta 865:127-139; see examples sections 6,7,8. infra) , immunization 
witii monoclonal Ab2 failed to generate Ab3 with Ab1-like specificity, whereas antitumor Th were easily induced. This 
observation, coupled with the finding of Idiotype-positive Th in the naturally occurring antitumor response, supports a 

10 model In which there can be a direct regulatory interaction between ld+ T cells and antl-idiotypic B cells (and Ab2) (Nel- 
son, K. and Nepom, G-T, 1986, in Paradoxes in Immunology, Hoffman, G., et al., eds., CRC Press, Boca Raton, Rorida, 
pp. 177-185; Bismuth, G., et al., 1984, Eur. J. Immunol. 14:503; Thomas, W.R., et al., 1983, J. Immunol. 130:2079). Jn 
vivo, the ld+ T cells can provide tiie stimulus for production of anti-idiotype. 

The lack of ld+ B cell recognition in certain cases, may reflect a defect in the genetic capacity to generate antitumor 

15 idiotopes on immunoglobulin molecules; alternatively, the regulatory state in the tunx)r-bearing host may effectively 
suppress id+ Abl. As discussed infra (see Section 5.2.1}, this apparent defect may be circumvented tiierapeutically in 
a host which does not normally develop Idi- antibody responses. 

In addition to idiotypic interactions which result in a Th response leading to tumor rejection, exposure to tumor anti- 
gen (or antigen-antibody corrplexes) can lead to the generation of antigen-specific suppressor T cells (Ts) (Fig. 1 C). In 

20 several tumor systems, suppressor T cells have been shown to function as inducer cells, triggering and amplifying 
tunmr antigen-specific suppression (Nepom, G.T., et al., 1983, Experientia 39:235-242}. If ld+ Tg are directly induced 
lay antigen stimulation, as in the model shown in Figure 1C, rt is possible that these cells, like the Th In Figure IB, can 
serve as stimuli for tiie generation of anti-idiotypic Ab2. 

In a model where idiotypic T5 are generated subsequent to stimulation by antigen, an alternate pathway can also 

25 be considered. As diagrammed in Figure 1 D, ld+ T5 may arise as a consequence of anti-idiotypic stimulation. In a 
recent analysis of IgH-restricted Tcell responses toihe hapten azobenzenearsonate, the nature of immunoglobulin idi- 
otopes was found to determine the development of Ts idiotopes (Hayglass, K., et al., 1986, J. Exp. Med. 164:36^9; 
Hayglass, K., et al., 1986, Immunol. Today 7:179-183). T cells developing in IgH congenic mice acquired the idiotypic 
repertoire of the host, and treatment of neonatal animals with antibodies to the p. immunoglobulin chain abolished the 

30 establishment of a normal repertoire of functional T cell idiotypes. Thus, the immunoglobulin compartment could deter- 
mine the development of complementary T cell reoognitlon elements. 

As illustrated by the examples sections infra , the idiotypic pathway depicted in Rgure 1D appears to exist also in 
the conteoct of tunmr antigen recognition. In our studies on mice which had either sarcomas or bladder carcinomas 
induced with MCA, a single dominant T cell idiolope was found to be prevalent In the suppressor response mediated by 

3s botii Ts and soluble factors (see Kuchroo, V.K., et al., 1987, Cellular Immunol. 104:105-114, and examples section 6, 
infra) . That is, instead of a heterogeneous mixture of idiotypes, some shared "public'' idiotopes predominate. This was 
documented by removing suppressor factors using affinity absorbents made from either monoclonal or polyclonal anti- 
idiotypic antibodies. Our findings Indicated that most of the apparent Idiotypic specrficlties in the suppressor response 
to any particular tumor antigen are shared. 

40 In model systems, the presence of "Ipublic" idiotopes has been atti'ibuted to regulatory idiotopes important for net- 
work interactions (Bona, C, et al., 1982, J. Exp. Med. 156:986}. The presence of such putative regulatory idiotopes in 
antitumor immunity may reflect either a genetic selection in the generation of idiotypic T3, or an influence of immu- 
noglobulin selection In the generation of the Ts repertoire. If the latter Is the case, the induction of idiotypic Ts can 
include tiie patiiway we have shown in Figure 1 D, in which the Ab2 response influences the nature of Ts. 

45 

5.2. MANIPULATION OF IDIQTQPE EXPRESSION BY ANTI-IDIQTYPIC ANTIBODIES 

There are essentially two approaches for using anti-idiotypic antibodies to manipulate the Immune response to 
tumor antigens for therapeutic benefit. One is based on selecting and amplifying pre-existing antitumor idiotopes within 
so the T and B cell repertoires, and the other entails the priming of a de novo response using an antl-ldlotype which acts 
as an internal image of tumor antigen. 

5.2. 1 . SELECTION AND AMPLIFICATION OF PRE-EXISTING ANTITUMOR IDIOTOPES 

55 In the therapeutic production of anti-idiotypic antibodies based on an alteration of preexisting antitumor idlotope 
representation, therapeutic efibrts are based on a reversal of the pathways illustrated in Figure 1 , in which tiie Ab2 com- 
partment Is used as the initiator of Idiotypic interactions. 

Three pathways by which Ab2 can induce tumor antigen-specrfic immunity are illustrated in Figure 2. Figure 2A 
shows that immunization witii Ab2 can lead to tiie development of antigen specific Th. TTiis result has been accom- 
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plished against infectious agents and found to give protection fnom disease (Sacks, D., et ai., 1982, J. Exp. Med. 
155:1108; Sharp, A., et ai., 19G4, J. Exp. Med. 160:1195-1205; Rons. G., et al., 1985, J. Immunol. 134:1225-1229). 
Analogous findings liave been made for several chemically and virally-induced tumors (Kennedy, R.C., et al., 1 985 , J. 
Exp. Med. 161:1432; Binz, H., et al., 1982, Int. J. Cancer 19:417-423; Tilken, A.F., et al., 1981, Proc. Natl. Acad. Sci. 
5 U.S.A. 78:1809; Flood, P., et al., 1980, Proc. NaU. Acad. 8cl. U.S.A. 77:2209-2213). The Ab2 which Is utilized can arise 
as a result of an antigen-induced idiotypic cascade, or can be induced by immunization with antigen-specific T cells 
(see Section 5.3, infra) . 

Anti-idiotypic antibodies can also stimulate "silent" clones; L£» clones which are normally suppressed even in 
genetically competent Individuals (Bona, C.A., et al., 1981, J. Exp. Med. 153:951). Thus, the anti-idiotypic antibodies 

10 appear to be able to "reprogram" the Immune system to generate antibodies which would not othenwise be made (Fig. 
2B). ITius, immunization with anti-idiotypic antibodies related to capsular polysaccharides of E. ^gli produces protective 
Immunity in neonatal mice that do not normally develop antibodies against the capsular polysaocharides (Stein, K., et 
al., 1984, J. Exp. Med. 160:1001). 

For Ab2 to select and stimulate both ld+ B and T oell clones, it Is probable that shared Idlotopes between B and T 

15 cell receptors must exist (Rajewski, K. and Takemori, 1983, Ann. Rev. Immunol. 1 :5e9-607; ErtI, H.C.J., et al., 1982, 
Proc. Natl. Acad. Sci. U.S.A. 79:7479; Nadler, P.I., et al., 1962, Eur. J. Immunol. 12:113), and correspond to antigen- 
specifk: receptors which confer the same antigen specifKity for both B and T cells. In a preferred embodiment of the 
invention, one can select for use in immunization those Ab2 which induce T cell immunity, in which a T cell subset is 
stimulated which mediates the desired response. One technique to select appropriate Ab2 for use is to raise Ab2 exper- 

20 imentally by immunization with antigen-specific T cells (Infente, A. J., et al., 1982, J. Exp. Med. 1 55:1 1 00). In this partic- 
ular embodiment of the invention, the T cell receptor is used as the stimulatory idiotype so that the Ab2 population will 
be targeted specifKally to the T oells of choice. Immunization with such an Ab2, then, will select and stimulate T cell 
clones which share receptor idiotopes with the immunizing cells. 

Several investigators have reported successful cloning of tunmr-inf iltrating T lynphocytes recovered from tumor 

25 biopsies or surgical specimens. These lymphocytes, after culture in vitro with IL-2, are effective in eliciting antitumor 
responses when reinfused to the host (Rosenberg, S.A., et al., 1986, Science 233:1318). In a preferred embodiment of 
the invention, such cells should be ideal immunogens for raising Ab2 directed against the particular idiotopes associ- 
ated with such antitumor clones. These Ab2, tiien, woukl serve as anti-idiotypes which potentially will select and amplify 
T cells with similar antitumor specificity. 

30 As discussed supra, anti-idiotypic specificities in tumor-immunized mice appear to be complementary not only to 
Th but also to Ts and soluble si4)pressor factors (Hellstrom, K.E., etal., 1977, Biophys. Blochim. Acta Reviews on Can- 
cer 473:121-148; see Section 8, iofla; Binz, H., et al., 1982, Int. J. Cancer 19:417-423; Tllken, A.F., et al , 1981, Proc. 
Natl. Acad. Sd. U.S.A. 78:1809; Flood, R, etal., 1980, Proc. Natl. Acad. Sci. U.S.A. 77:2209-2213). TTie evidence that 
anti-KliotypIc antibodies recognize a dominant public idiolope on Ts-derived factors suggests that there Is a regulatory 

35 relationship between the id+ cellular compartment and the Ab2 compartment (see Section 6, infra : Kuchroo, V.K., et al., 
1987, Cellular Immunol. 104:105-1 14; Nelson, K. and Nepom, G.T., 1986, in Paradoxes in Immunology, Hoffman, G., et 
al, eds., CRG Press, Boca Raton, Florida, pp. 177-185). Thus, in order to avoid the preferential activation of tiie Tq 
compartment upon administration of anti-idiotypic antibodies (as illustrated in Fig. 2C), and in order to achieve a thera- 
peutically effective result, anti-idiotypic therapy for cancer should employ proper manipulation of the idiotypic networks. 

40 Proper manipulation involves the consideration of three issues: tiie genetic restriction between anti-idiotype and tiie T 
cell compartment; the route of anti-idiotype administration; and the choice of kiiotope specificity. 

5.2.1.1. GENETIC RESTRICTION 

45 Two types of genetic restriction can potentially present barriers to cellular recruitment by injected anti-idiotypes: 
MHC restriction and IgH restriction. MHC restriction confers an element of genetic control of T oell activation in an anti- 
gen-specific response. To the extent that an anti-idiotype mimics antigen in the recognition process, it is logical to con- 
sider possible requirements for histocompatibility. Indeed, eocamples have been reported In which antigen-primed T 
cells are MHC restricted not only for their specific antigen recognition, but also for their ability to recognize cell-bound 

so anti-idiotype in vitro (ErtI, H., et al., 1986, Int. Rev. Immunol. 1:61-66). 

What are the implications of these findings for the in vivo administration of anti-idiotype? In a study using anti-idio- 
type priming to generate anti^ral immunity, a genetically non-restricted response was observed (id-)- This may have 
been due to the direct recruitment of Th which subsequently activated other T cell compartments. Thus, even if the 
MHC restricting element for anti-Id presentation is different from that of nominal antigen presentation, T cell recruitment 

55 can still occur. With an appropriate route of administration (see below), anti-idiotypic antibodies can be introduced to 
the immune system by antigen-presenting cells in such a way tiiat they may be "seen" in the context of the right restric- 
tion elements. In fad, a host which is a genetic non-responder to the nominal antigen can conceivably respond to chal- 
lenge wfth anti-idiotype, depending on the mechanism maintaining the non-responsiveness. Thus, MIHC restriction 
appears to be of minor importance except where cell-bound anti-idiotype is used. In a preferred embodiment of tiie 
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invention, anti-idiotype administFation should seek to optimize tiie presentation of Hie Ab2 immunogen to tlie iiost 
immune system, even wiiere MHC-inoompatii3le. 

In a preferred embodiment of the invention, the issue of IgH restriction, Le., the necessity for genetic matching of 
allotypic markers associated with immunoglobulin genes, should be considered. Since variable region antibody genes 
are linked to constant region genes, the genetic potential for specific idiotypic determinants Is linlttd to Ig allotypic mark- 
ers. IgH restriction appears to govern many steps in the idiotypic cascade (Bach, B.A., et al., 1979, J. Exp. Med. 
149:1084; Nadler. RL, et al., 1982, Eur. J. Immunol. 12:113; >^mamoto, H.. etal.. 1983, J. Exp. Med. 158:635-640; For- 
strom, J.W., et al., 1983, Nature 303:627-629). In essence, it acts as a permissive barrier which requires the presence 
of appropriate V genes, and linked allotypic markers, for idiotypenanti-idiotype recognition. 

A strict IgH restriction of Itie Immune response to Ab2 likely reflects requirements for direct recognition of network 
V genes; this has been referred to as a "true idiotypic" interaction (Nisonoff, A. and Lamoyi, E., 1981, Clin. Immunol. 
Immunopathol. 21 :397). This requirement limits the type of antibody which can be used as an anti-idiotype immunogen, 
to one which can elicit complementary V genes in the host. Thus, in a particular preferred embodiment of the invention, 
experimentally derived anti-idlotypic antibodies should be IgH-matched with the host. 

When is IgH-matching for anti-idiotypic administration not necessary? Anti-idiotypic antibodies which act as inter- 
nal images of the nominal antigen can substitute for this immunization with antigen. Since such de novo immunization 
is not based on specific selection of network V genes, internal image Immunogens are generally not IgH restricted (jd.), 
and thus do not need to be host IgH-matched. 

5.2. 1 .2. ROUTE OF IMMUNIZATION 

The route of Imnrunization with anti-idiotype can also Influence the nature of the immune response. Depending 
upon the route of administration, anti-idiotypic antibodies have been found to either enhance or suppress immune 
responses (RajewskI, K. arx:! Takemori, T, 1983, Ann. Rev. Immunol. 1:569; Urbain, J., et al., 1982, Ann. Immunol. 
1330:179). For example, in a viral system, reovirus-specific immunity coukl be established following immunization 
against idiotypic determinants, and DTH, cytolytic T cells, and antigen-binding antibodies were observed. If soluble Ab2 
was used as the immunogen, only the DTH response was seen, while immunization with cell^ssociated anti-idiotype, 
in the form of a fiybridoma-producing Ab2, also induced cytolytic T cells (ErtJ, H., et al., 1986, Int. Rev. Immunol. 1:61- 
66). When Ab2 is used as an internal-image immunogen (as in the reovirus system), it essentially substitutes for anti- 
gen in the initial priming; many of the immune manipulations which facilitate antigen responsiveness also augment 
immunity to Ab2 and can be used in various embodiments of the Invention (see Section 5.3.2, infra) . 

Many methods may be used to introduce the immunizing formulations; these include but are not limited to intrader- 
mal, intramuscular, intraperitoneal, intravenous, subcutaneous, and intranasal routes. In particular embodiments, 
induction of Immunity with anti-idiotypic antilsodies can utilize subcutaneous (s.c.) or intramuscular injection of the anti- 
bodies in the presence of various adjuvants. 

In the case of nominal antigen immunization, administration of a haptenated protein s.c. with adjuvant has been 
shown to yield a vigorous Th response, while the same antigen intravenously (i-v.) preferentially induced Tg (Greene, 
M., et al., 1982, Adv. Immunol 32:253}. However, when monoclonal antitumor antibodies were used therapeutically, the 
opposite situation was reported by Koprowski et al. (Kbprowsid, H., et al., 1984, Proc. Natl. Acad. Sci. U.S.A. 82:216- 
219), who described an anti-idiotypic response to systemically injected mouse antibodies to human gastrointestinal 
cancer, which was apparently accompanied by a therapeutic effect in the patient. 

There is also evidence that Ab2 can effectively inhibit the ability of an Abl to mediate antibody-dependent cellular 
cytotoxicity or kill tumor cells In the presence of complement (see Section 7.2.4, infra). 

Since route of Ab2 administration, as well as dosages used, are likely to have an important impact on what kind of 
response is induced, in a preferred aspect of the invention, preliminary studies on dosage and administration effects 
should be carried out. These studies can be done in an animal model such as mouse, rat, primate, etc. For example, in 
a particular embodiment, various routes of administration of anti-idiotypic antibody related to the melanoma antigen p97 
can be tested for the jn vivo and in vitro responses which they Induce upon challenge with a mouse melanoma line 
expressing the p97 antigen (obtained following transfection with the cloned p97 gene; Brown et al., 1981, J. Immunol. 
127:539-546}. 

5.2. 1 .3. IDICmOPE SPECIFICITY 

Complex antigens, including tumor antigens, contain multiple epitopes. Tlie immune recognition which they evoke, 
therefore, contains many idiotopes which are determined not only by the heterogeneity of the epitopes, but also by the 
heterogeneity of the V genes selected among Ig and T cell receptor genes in the host. These idiotopes are largely 
defined by the antl-idiotopes which they induce. Thus private idiotopes elicit Ab2 responses which are unique for a par- 
ticular Abl, piislic idiotopes elicit Ab2 to a specificity shared by many Ab1, and Ab2 of the internal image type are 
induced against antigen-binding structures on Abl which are complementary to the antigen (Uibain, J., et al., 1982, 
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Ann. Immunol. 1250:373-389; Augustin, A., et al., 1983, Surv. Immunol. Res. 2:78; Mosier, D. and Feeney, A., 1984, in 
TTie Biology of Idiotypee, Qreene, M. and Nisonoff, A., eds., Plenum Press, New York, pp. 403-416). 

In particular embodiments of the invention, likely shrfts in the idiotypic repertoire can be manipulated in an attempt 
to achieve the desired idiotypic response. For example, idiotope selection depends in large part on the Ab2 used as 

5 Immunogen. Thus, In a preferred embodiment, an Ab2 used as Immunogen Is one determined to be likely to cause the 
expression of therapeutically desirable idiotopes. For example, in a system with a dominant public idiotope on both Th 
and Tq cellSp anti-idiotypiG antibodies may prime for Th, if administered s.c. with adjuvant, or they may interact with sol- 
uble Tg factors. As an illustration, in studies in mice which were immune to haptens and in which public idiotopes were 
recognized, a dominant Abl response with a shared pit3lic idiotope elicited a strong antl-ld response in mice of IgH- 

10 compatible strains. If anti-Id was given l.v. in neonates, or if anti-Id T5 were transferred, the public Ab1 Idiotope was sup- 
pressed, and this was shown to cause the expression of alternate idiotopes on antigen-specific Ab1 (Kelioep G., et al., 
1 980, Immunol. Rev. 52:75). When immunization with anti-Id Is applied towards tumor therapy, a similar shift in the idi- 
otypic repertoire can occur. 

In a system lacking a dominant public idiotope, or when no Abl Is Identified, the adaptability of the idiotope selec- 
15 tion process offers encouraging alternatives. In a particular embodiment of the invention, since administration of Ab2 
can select for alternate idiotypic responses, antibodies to idiotopes which do not occur naturally in the tumor-bearing 
host can be chosen to direct an antitumor response. In other words, one can immunize with an Ab2 which selects a Th 
repertoire which cannot be selected by exposure to tumor antigen. For example, one can immunize with a monoclonal, 
internal-Image Ab2 raised against a xenogeneic antitumor antii3ody. Many of tiie existing monoclonal antitumor antibod- 
20 ies are, indeed, specific for antigens which may not even be immunogenic in the tumor-bearing host (l-lellstrom, K.E. 
and IHellstrom, I., 1985, in Monoclonal Antibodies for Tumour Detection and Drug Targeting, Baldwin, R.W. and Byers, 
VS., eds.. Academic Press, London, pp. 17^1}, and can be used in this embodiment of the invention. 

5.2.2. INTERNAL IMAGE ANTIBODIES 

25 

Ab2 immunization can lead to Ab8 elicitation not only through specific V gene network interactions but also by vir- 
tue of internal-image mimicry (Uiiaain, J , et al., 1982, Ann. Immunol. 1330:179-189; Augustin, A., et al., 1983, Surv. 
Immunol. Res. 2:78). That is, when the anti-idiotype represents tiie conformational min-or-image of the antigen, it can 
substitute for nominal antigen and elicit an Abl -like response (Nisonoff, A. and i^nwyi, E., 1981, Clin. Immunol. Immu- 
ne nopathol. 21 :397) (Fig. 3). In a preferred embodiment, tiierefbre, such anti-idiotypic antibodies can be used as immu- 
nogens for tumor therapy in IgH-mlsmatched hosts. 

In an embodiment of the invention employing monoclonal anti-idiotypes, the appropriate Ab2 should be carefully 
selected. The experimental verification that any particular Ab2 is an internal image type of anti-idlotype hinges on lis 
ability to mimic the conformational characteristics which define recognition of the antigen. Internal image anti-idiotypes 
35 compete in vitro witii antigen for binding to idiotype-positive Abl , and prime in vivo for Ab3 which mimic Abl , and this 
priming occurs in a IgH unrestricted fashion (Nisonoff and Lamoyi, supra) . 

In addition to the inhibition of id+ binding to antigen, internal image Ab2 can substitute for antigen in terms of 
immune recognition. For example, Ab2 may stimulate antigen-specrfic clones jn vitro in the absence of antigen, or Ab2+ 
cells may serve as a target for antigen-specrfic CTL (ErtI, H.C.J., et al., 1982, Proc. Natl. Acad. Sci. U.S.A. 79:7479}. 
40 Since the Ab2 is substituting for antigen conformation, the Ab2 may be "presented" to T cells in tiiese assays in the con- 
text of MHC molecules, and therefore the response can appear to be MHC restricted, just as for antigen-specific 
response Gft ) 

In an embodiment of the Invention In which Internal image immunogens are desired, xenogeneic anti-idiotypic anti- 
bodies may be used. It is possible that internal image immunogens fail to stimulate suppressor cells, while at the same 
45 time inducing T|-|. This supposition is based on the notion, outlined in Figures 1D and 2C, that regulatory idiotopes 
which are represented by the expression of dominant V genes determine the communication between Ab2 and Ts. and 
that some anti-idiotypic antibodies may be selected which lack this particular idiotope yet retain the internal-image char- 
acteristics priming for Th- 

In a specific embodiment of the invention, internal image antibodies with tumor antigen activity can be used as 
50 tumor "vaccines" towards induction of specific tumor immunity. For example, such vaccines can be therapeutically val- 
uable for patients whose primary neoplasms have been removed but who are at risk for development of metastases. 

The ability of internal image Ab2 to compete with antigen for binding to Abl (and vice versa) is an integral part of 
their behavior IHowever, Ab2 which do not function as internal images may still compete, due to steric hindrance (and 
perhaps olher mechanisms as welQ In a preferred aspect of the invention, one should investigate the ability of an Ab2 
55 to induce an immune response over iglH (and MHC) barriers in experimental animals as part of their characterization 
as potential internal images. 

Since, on occasion, the distinction between internal-image anti-Id and Irue" anti-Id becomes blurred, anti-idiotypic 
antibodies which do not have Internal image specrfldty may still display internal Image-associated properties, which can 
be therapeutically valuable. For example, in our study of monoclonal anti-idiotypes raised against a murine bladder car- 
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cinoma antigen-associated monoclonal antibody, immunization with the anti-idiotypes elicited a vigorous Ab3 response 
wliicli lacked any detectable antigen-binding (Lee, V.K., et al., Biochim. Biophys. Acta 865:127-139). Tlie Ab3 raised 
against a particular anti-Id were apparerrtly directed against "private'' specrficities associated witli tliat anti-idiotype. 
Allhougli the anti-idiotypic antibodies were sliown to inhibit antigen binding by the Abl , this was presumed due to steric 
inhibition, and we tentatively Interpreted these data to mean that the Ab2 were not internal Image antibodies. Surpris- 
ingly, however, these same monoclonal Ab2 were able to prime mioe for antitumor responses and also to bind to tumor- 
specific T cell suppressor factors (Lee. V.K., etal., 1935, Proc. Natl. Acad. 8ci. U.S.A. 82:6286-6290; Kuchroo, V.K.. et 
al., 1987 Cellular Immunol. 104:105-114). Since the anti-idiotypic monoclonal antibodies in these experiments were 
raised in mice, and were directed against xenogeneic antitumor monoclonal antibodies raised in rats, the antitumor 
response elicited in mice by Ab2 immunization would not be expected to be based on specific V gene selection, and 
could instead be attributed to some internal image Ab2. 

A seoorxi example comes from experiments analyzing idiotypic responses to TMV-assodated antigens, in which 
mice were immunized with rabbit anti-idiotypic antibodies which were specific for "private" rabbit idiotopes (Franootte, 
M. and Urbain, J. 1984, J. Exp. Med. 160:1485). Surprisingly, these mice made anti-TMV antibodies which were Idio- 
typically cross-reactive with the rabbit idiotopes. Thus, while the stimulatory anti-idiotype was not an "internal image" 
specificity, it nevertheless elicited antigen-specific information in the face of apparent V gene incompatibility 

5.3. PRODUCTION OF ANTI-IDIOTYPIC MONOCLONAL ANTIBODIES SPECIFIC TO AN IDIOTYPE WHICH REC- 
OGNIZES A DEFINED TUMOR ANTIGEN 

5.3. 1 . PRODUCTION OF ANTI-IDIOTYPIC MONOCLONAL ANTIBODIES BY IMMUNIZATION WITH AN ANTIBOPy 
(AB1) THAT RECOGNIZES A DEFINED TUMOR ANTIGEN 

In a specific embodiment of the invention, production of anti-idiotypic nmnoclonal antibodies specific to an idiotype 
which recognizes a defined tumor antigen requires immunization of a host with antibodies that recognize the defined 
tumor antigen. As previously explained, such tumor antigens include but are not limited to oncofetal, or differentiation, 
antigens such as CEA, alpha-fetoprotein, the human antigenic functional equivalent of the 175 kDa murine antigen of 
transitional cell bladder carcinoma, melanoma associated antigen p97 (see Brown et al., 1981, J. Immunol. 127:539- 
546), differentiation antigens of human lung carcinoma such as LB and L20 (see Hellstrom et al., 1986, Cancer Res. 
46:391 7-3923), and the differentiation antigen associated with human melanoma, GD3 ganglioside antigen, antigens 
of fibrosarcoma, and the like. 

The possible host species include but are not limited to experimental animals such as mice, rabbits, and chimpan- 
zees; and humans. Various adjuvants can be used to enhance the immunological response to the antibodies, depend- 
ing on the host species and including Ixit not limited to, mineral gels, &g^, aluminum hydroxide; surfaoe active 
substances such as lysolecithin; pluronic polyols; polyanions; peptides; oil emulsions; and potentially useful human 
adjuvants such as BCG (Isacille Calmette-Guerin) and corynebacterium parvum. The Ab2 can also be coupled to an 
immunogenic carrier including but not limited to LPS, or cross-linked with glutaraldehyde (Primi, CD., et al., 1982, J. 
Immunol. 1 29:1 1 24-1 129}. The immunogen may also be incorporated into liposomes, or conjugated to polysaccharides 
and/or other polymers, or otherwise chemically modified for use. Allotypic determinants on the Ab2 molecule itself can 
also be used to enhance immunogenidty. In the reovirus system, when the immunization with Ab2 crossed allotypic 
bamers, that Is, when the host was IgH mismatched, a vigorous fits response was seen (Erd, H., et al., 1986, supra) . 
This result suggests that Ig allotypic determinants on the anti-idiotype acted as helper determinants towards augment- 
ing the immune responses. Thus, in a particular embodiment, IgH mismatching may be used to enhance immunogenlc- 

ity. 

The anti-idiotypic antibodies, or fragments of the anti-idiotypic antitxx:lies, or chemically modified fragments or anti- 
bodies may be used for imnunization. In addition, a mAb fragment containing the idiotype of the mAb molecule could 
be used, including but not limited to the Fy, Fab, Fab\ or F(ab*)2 fragments, which can be generated by known tech- 
niques. 

The monoclonal antibody can be prepared by using any technique which provides for the production of antibody 
molecules by continuous cell lines in culture. These include bu\ are not limited to the hybridoma technique originally 
described by Kiohler and Milstein (1975, Nature 256:495-497), and the more recent human B-cell hybridoma technique 
(Kbzbor et al., 1983, Immunology Today 4:72) and EBV-translbrmation technique (Cole et al., 1985, Monoclonal Anti- 
bodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). Selection of the hybridoma can be carried out by any of 
numerous assays, £^ for binding to Abl , or for inhibition of Abl binding to tumor cells (Nepom, G.T., et al., 1984, Proc. 
Natl. Acad. Sci. U.S.A. 81:2864-2867; Holbeck, S.L. and Nepom, G.T. 1983, J. Immunol. Methods 60:47^2; see Sec- 
tion 7.1.7, infraV 
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5.3.2. PRODUCTION OF ANTI-IDIQTYPIC MONOCLONAL ANTIBODIES WHICH ARE DIRECTED /VGAINST AN IDI- 
OTOPE ON T CELLS THAT RECOGNIZES A DEFINED TUMOR ANTIGEN 

In another specific embodiment of the Invention, an anti-idiotypic antibody is produced, which is related to a tumor 
antigen, and which is directed against an Idlotope associated with T cells that recognizes the tumor antigen. The idi- 
otope may also be associated with suppressor factors that exhibit the idiotope directed against the tumor antigen. Such 
tumor antigens include but are not limited to those listed in Section 5.3.1 , supra . In one embodiment (see Section 6, 
infraV the anti-idiotypic antitxKiy can be produced by immunization with tumor antigen, formation of hybridomas, and 
screening for auto-anti-idiotypic monoclonal antibodies by methods including but not limited to assay of tumor-specific 
DTIH, tumor-specific LAI, binding to monoclonal antibody directed against the tumor antigen, etc. In particular embodi- 
ments, the tumor antigen used for production of auto^nti-idiotypic antibody can be specific to fibrosaroomap transitional 
cell bladder carcinoma; It can be melanoma antigen p97 or GD3, or human lung carcinoma antigen L6 or L20. Alterna- 
tively, T cells (Th or Tg) or suppressor factors which bind tumor antigen can be used to immunize a host for the produc- 
tion of the anti-idiotypic antibody, in particular embodiments, T ceils which express an idiotope defined by an antibody 
specific to fibrosarcoma, transitional cell bladder carcinoma , p97 melanoma antigen, GD3 melanoma antigen, L6 or L20 
lung carcinoma antigen, may be used for immunization. Since injection of T5 cells may be therapeutically detrimental, 
immunization with Th cells is preferred. The T cells used for immunization may be obtained, for example, from the 
tumor-carrying patient himself or from an appropriate (preferably histocompatible) donor whose immune system has 
been exposed to the tumor antigen. The T ceils can then be isolated for injection by various techniques known in the 
art, £^ fluorescence-tagged monoclonal anti-tumor antibody binding and FAGS. {See Section 6.4, infra) . Suppressor 
factors for immunization can be isolated by many techniques Iviown in the art, including but not limited to immunoaffinity 
chromatography (to a tumor-antigen coated column), generation of T-T hybridomas by fusing T cells from tumor-bearing 
hosts (Nelson, K.A., et al., 1980, Proc. Natl. Acad. Sci. U.S.A. 77:2866) followed by screening for suppression of 
DTH to tumor antigen, specific binding to tumor antigen, etc. (see Section 6.5, infra) . 

5.4. EVALUATION AND DEMONSTRATION OF IMMUNOPOTENCY BY INDUCTION OF TUMOR-SPECIFIC CMI 

Where the anti-idiotypic antibody of the invention is envisioned for use in immunization against tumors (see Section 
5.6.1 ■ infra) , in a preferred embodiment, the immunopotency of the antibody should be tested. Any method which can 
demonstrate immunopotency of the anti-idiotypic molecule by showing induction of tumor-specific CMI upon immuniza- 
tion with the anti-idiotypic antibody or its derivative fragment(s) is within the scope of the invention for evaluation of the 
immunopotency of the anti-idiotypic mAb; such assays include, but are not limited to DTH (for a description of the DTH 
assay procedure see Forstrom et al., 1983, Nature (London) 303:627-629) and/or LAI (Haliiday, W.J. & Maluish, A.E., 
1982, ia Assessment of Immune Status by the Leukocyte Adherence Inhibition Test, Academic, New YorIc pp. 1-26; 
Koppi, T.A., and Haliiday, W.J., 1982, Cell. Immunol. 66:394-406; Kbppi, TA., and Haliiday, W.J., 1981, J. Natl. Cancer 
Inst. 66:1 089-1 096). Further specif idty testing can include but is not limited to immunoabsorption assays and treatment 
of peritoneal cells with antibodies and complement. 

5.5. FURTHER CHARACTERIZATION OF ANTI-IDIOTYPIC ANTIBODY 

In order to further determine anti-idiotypic antibody specificity, Abl binding assays and/or assays of inhibition of 
Ab1 -tumor binding may be carried out. Such assays may be accomplished by any methods known in tiie art, e.q. those 
described In Section 7, infra. Two additional assays that may be done include tests of inhibition of oomplement-depend- 
ent cytotoxicity or antibody dependent cellular cytotoxicity properties of Abl (see Sections 7.1.1.3 and 7.1.1.4 infra) . 

5.6. USES IN IMMUNQPRQPHYLAXiS. IMMUNOTHERAPY AND IMMUNOASSAY 

The purpose of this embodiment of the invention is to describe uses of the anti-idiotypic antibody molecules of this 
invention, or fragments of the antibody molecules, which may or may not be chemically modified, in the field of medi- 
cine. 

5.6.1. IMMUNIZATION AGAINST TUMORS 

Patients having tumors may be treated therapeutically by immunization with the anti-idiotype monoclonal antibod- 
ies of the present invention whereas patients with a disposition for the tumor may be treated immunoprophylacticaliy by 
such immunization. An advantage of using anti-idiotypic mAb over antigen in a tumor vaccine formulation is that large 
quantities of identical material can be obtained for use as immunogen. This is especially valuable when the antigen is 
a glyoolipid or a carboliydrate, which itself may be difficuH: to ol3tain in pure form and in sufficient amounts. In addition, 
if tiie antigen is a protein, the availability of an anti-idiotypic antibody avoids the necessity of having the cloned gene for 
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the antigen, in order to obtain sufficient quantities of Hie antigen for use in vaccines. Tlie anti-idiotypic antibodies, or 
fragments of tlie anti-idiotypic antibodies, or cfiemicaliy modified fragments or antibodies may be used to immunize 
against tumors. Any mAb fragment containing ttie idiotype of the mAb molecule could be used, including but not limited 
to Ibe Fy, Fab, Fab', or F{ab\ fragments, which can be generated by known techniques. The anti-idiotypic antibody mol- 
ecule or its derivative fragments may be formulated with a suitable adjuvant in order to enhance the immunological 
response. These adjuvants may include, but are not limited to, mineral gels, sji. aluminum hydroxide; surliace active 
substances such as lysolecithinp pluronic polyols; polyanions; peptides; oil emulsions; and potentially useful human 
adjuvants such as BCG (bacille Calmette-Guerin) and corynebacterium parvum. The immunogen may also be incorpo- 
rated into liposomes, or conjugated to polysaccharides and/or other polymers, or otherwise chemically modified for use. 

Many methods may be used to introduce the immunizing formulalions; these include but are not limited to intrader- 
mal, intramusculafp intraperitoneal, intravenous, subcutaneous, and intranasal routes. 

In particular embodiments of the invention, hosts with fibrosarcoma can be injected intraperitoneally with an anti- 
idiotypic monoclonal antibody specific to an idiotope which recognizes a fibrosarcoma antigen. 

Immunization in test animals may be assayed by injection of the anti-idiotypic antibody or related derivative mole- 
cule, followed by challenge with a tumorigenic agent(s} such as syngeneic tumor cells or chemical carcinogens, and 
observing tumor development and progression. 

5.6.2. ADOPTIVE IMMUNOTHERAPY 

In another embodiment of the inverrtion, T cells (preferably Th) which express an idiotope which recognizes a tumor 
antigen which can be, but is not limited to^ an antigen described in Section 5.3.1 , supra, can be introduced into a host, 
for immunoprophylaxis or immunotherapy. Such cells-can be obtained from the tumor-growing host himself, oqaanded 
in vitro, selected for the proper idiotypic specificity (either before or after expansion), and reintroduced into the host (see 
Section 6.4, infra) . Alternatively, the T cells can be obtained from an appropriate (preferably histocompatible) donor. 

In an alternative approach, it is possible to activate tumor-specific lymphocytes in vitro and to treat the patient wilb 
the activated tumor-specrfic leukocytes. Recently, regression of cancer was observed in response to an adoptive immu- 
notherapeutic treatment involving the administration of lymphokine activated killer cells (LAK) to tumor43earing hosts 
(Rosenberg et al., 1985, New Engl. J. Medicine 313:1485-1492). However, this therapy resulted in a number of unde- 
sirable side effects, including severe toxicity, pulmonary edema, and respiratory distress. By contrast, the method of this 
embodiment of the present invention involves administering to a patient stimulated lymphocytes which are specific for 
the tumor associated antigen (which can be, but is not limited to, an antigen described in Section 5.3.1 , supra) which 
may result in a more specific therapy and reduced side effects. For example, peripheral lymphocytes can be withdrawn 
from the patient, or a histocompatible donor who was exposed either to the tumor antigen or to a monoclonal anti-idio- 
typic antibody raised to the idiotype of an antibody that defines the tumor antigen as described above. The lymphocytes 
can then be stimulated |n vitro in the presence of the tumor-specrfic anti-idiotypic antibodies of the present invention. 
Such specific stimulation can be accomplished using tiie monoclonal anti-idiotypic antibodies of the present invention 
in a method such as the one described by Binz et al. (1982, Int. J. Cancer 29:417-423). The activated T ceils can then 
be expanded in cell culture. This expansion can be accomplished by repeated stimulation of the T cells with the anti- 
idiotypic antibodies of the invention, witii or without IL-2, or by growth in medium containing IL-2 alone. Other methods 
of T cell cultivation (for example, with other lymphokines, gnwth lactors, or other bioactive molecules) can also be used. 
The activated lymphocytes may then be tested for cell-mediated antitumor Immune reactivity. If desired, confirmation of 
identity of tiie activated lymphocytes as T cells can be accomplished by examination of the cells with regard to cell-sur- 
face expression of T and B oell markers. This can be cairied out, for example, lay imnrunofluorescence analysis using 
f luorescein-oonjugated monoclonal antibodies to T and B oell antigens. Expression of known T cell markers, such as 
the CD4 and CDS antigens, confirms the identity of the activated lymphocytes as T cells. 

The activated T cells are then tested for antitumor reactivity. This can be accomplished lay any of several techniques 
known in tiie art for assaying specific cell-mediated imnrunity For example, a cytotoxicity assay, which measures the 
ability of the stinrulated T cells to kill the tumor cells in vitro, may be accomplished by incubating the lymphocytes with 
^''Cr-labelled tumor cells, and uninfected labelled cells, and measuring Cr release upon lysis. Such assays have been 
described (see, for example, Zarling, J.M., et al., 1986, J. Immunol. 136:4669). The activated lymphocytes can also be 
tested for T helper oell activity by measuring their ability to proliferate, as shown by ^H-thymidine incorporation, following 
stimulation, and/br by measuring tiieir ability to produce lymphokines such as IL-2 or interferon upon stimulation, in the 
absence of exogenous IL-2. Other assays of specific cell-mediated immunity known in the art, such as leukocyte-adher- 
ence inhibition assays (Thomson, D.M.R (ed ), 1982, Assessment of Immune Status by the Leukocyte Adherence Inhi- 
bition Test, Academic Press, New York}, may also be used. The selected lymphocytes can then be inoculated into the 
patient. Inoculation of the activated T cells is preferably tiirough systemic administration although other methods of 
administration (for example, direct infusion into an artery) can be used. The T cells can be administered intravenously 
through a central venous catheter or Into a large peripheral vein. In a preferred embodiment, approximately 1x10^ cells 
are infused initially and the remainder are infused over the following several hours. In some patients, recombinant 
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human IL-2 may be used and can be infused intravenously every 8 hours beginning at Hie lime of T cell infusion, injec- 
tions of iL-2 will preferably be at doses of 1 0,000 to 100,000 units/kg bodyweight, as previously used in cancer patients 
(Rosenberg, 8.A., et al., 1985, N. Engl. J. Med. 313:1485). The IL-2 infusion can be continued for several days after 
infusion of the activated T cells if tolerated by the patient. 

5 

5.6.3. INHIBITION OF IMitfUNE SUPPRESSION OF ANTI-TUMOR REACTIVITY 

In another embodiment of the invention, anti-idiotypic antibodies which specifically recognize an idiotope which is 
directed against a tumor antigen and which idiotope is present on suppressor T cells and/or suppressor factors, can be 
10 administered in vivo in order to inhibit suppression of anti-tumor reactivity. In particular embodiments, such a tumor anti- 
gen can include but is not limited to those listed in Section 5.3.1, supra. 

5.6.4. li^MUNOAFFINITY APPLICATIONS 

IS The anti -Idiotypic antibodies or related molecules of this invention may be used to isolate antibodies directed 
against a defined tumor antigen. Techniques known in the art by which this could be accomplished include but are not 
limited to immunoaffinity columns and immunoabsorptlon reactions. Anti-tumor antibody isolated through use of the 
anti-idiotypic antibody or related molecules could be a valuable tool in tumor immunotherapy 

20 5.6.5. If^MUNOASSAYS 

In an alternate embodiment of the present Invention, the anti-idiotypic antibodies or related molecules of the 
present invention may be used as antigens in immunoassays. These immunoassays would allow the detection of anti- 
tumor arrtibody in animals or patients. The nmlecules of the present invention would also be used in competition immu- 

25 noassays to test for the presence of tumor antigens. 

The molecules of the present Invention may be used in any immunoassay system known in the art, including but 
not limited to radioimmunoassays, ELISAs, "sandwich" assays, precipitin reactions, gel diffusion precipitin reactions, 
immunodiffusion assays, agglutination assays, complement-fixation assays, protein A immunoassays, fluorescent 
immunoassays, and immunoradiometric assays. 

30 In a specific embodiment, the anti-idiotypic antibodies of the invention, directed against an idiotype of "Antibody 1 " 
which defines a tumor antigen, can be used In competitive Immunoassays to monitor the presence of antibodies in 
patients being administered Antibody 1, for therapeutic or diagnostic purposes (see Sections 7.1.1.5, 7.2.5., infra) . In 
another embodiment, anti-idiotypic antibodies can be used to identify anti-tumor antibodies during purification proce- 
dures. 

35 

6. IMMUNOTHERAPY OF MURINE SARCOMAS WITH AUTO-ANTI-IDIOTYPIC MONOCLONAL ANTIBODIES 
WHICH BIND TO TUMOR-SPECIFIC T CELLS 

According to the network theory (Jerne, N.K., 1974, Ann. Immunol. 1250:373; R^ewski, K. and Takemori, T., 1983, 
40 Ann. Rev. Immunol. 1 :569; Urbain, J., et al., 1 962, Ann. Immunol. 1 33D:1 79), mice forming an immune response to syn- 
geneic sarcomas should have antibodies to the idiotypes of the responding lymphocytes. As described in the examples 
infra , based on this prediction, we immunized BALB/c mice to either of two syngeneic, transplanted fiarosarcomas, and 
formed hybrKlomas which produced monoclonal antibodies which primed syngeneic mice for tumor-specific DTH. One 
of these auto-anti-idiotypic monoclonal antibodies is shown to define an idiotope present both on T cells which have 
45 antitumor activity and on products of T suppressor cells, which inhibit this activity. We also show that treatment of mice 
with either of the two monoclonal anti-idiotypic antibodies significantly reduced growth of established sarcomas, an 
effect that was specific tor the appropriate mAb-tumor combination. 

6.1. MATERIALS AND METHODS 

50 

6.1.1. MICE 

BALB/c mice were bred in the Division of Animal Health Resources, Fred Hutchinson Cancer Research Center 
(FHCRC), Seattle, Wash., and were matched for age and sex in each experiment. Females older than ten weeks were 
55 chosen since they gave optimal responses in pilot tests. CB-20 mice were raised at FHCRC from breeding pairs 
obtained from Dr. Michael Potter, National Institute of Health. 
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6.1 .2. TUMORS 

Fibrosarcomas MCA- 1490, MCA- 1510, and MCA-151 1 were induced in BALB/c mice by intramuscular injection of 
3-metliylcholanthrene in irioctanoin and maintained by serial syngeneic transplantation of tissue frozen in the second 
generation. They were shown to be free of LDH, Sendai and edromelia viruses, and from myooplasma, and, like other 
chemically induced mouse sarcomas, to express individually unique tumor-specific transplantation antigens. 
BW5147.G.1 .4.ouaM , is a drug-marked AKR thymoma which was obtained from the Cell Distribution Center of the 8alk 
Institute. NS1 cells came from Dr. Ingegerd Hellstrom's laboratory Both BW5147 and NS1 cells were shown to be free 
of mycoplasma. 

6.1.3. ASSAY OF DELAYED-TYPE HYPERSENSITIVITY 

An assay was used which measured delayed-type hypersensitivity (DTH) as mediated by Thy I'^.Lyt 1"^ lym- 
phocytes, and was characterized by the typical morpiiological manifestations of a DTH reaction (Forstrom, J.W., et al., 
1983, Nature 303:627; Cory, J., et al., 1981 , in Monoclonal Antibodies and T Cell Hybridomas, Hammerling, G.J., et al., 
eds., Elsevier/North-Holland Biomedical Press, p. 503). Mice were immunized by subcutaneous injection of either a 
total of 1 X 10^ irradiated (15,000 rad) tumor cells into two sites, one on each flanK or by injection of 3-10 ug of mAb 
(diluted in phosphate-buffered saline, PBS) at four subcutaneous sites. When material was assayed for suppression of 
DTH, it was always assayed for suppression of its inductive phase. In these experiments, the putative suppressive 
material was diluted to 100 ul in PBS and injected into a tail vein immediately following immunization. 

In each test for DTH, treatment or control groups consisted of 5 mice, and they were always coded. Five days after 
immunization, DTH was elicited by injection of 5 x 1 0^ tumor cells into one of the two hind footpads. After 24 hours, the 
thickness of both the injected and the uninjected contralateral footpads was measured, using a dial micrometer. For 
each treatment group, the data are presented as the mean increase in thickness (i.e., the swelling) of the injected foot- 
pads. Tlie significance of the differences between treatment groups and corresponding controls was determined using 
a two-tailed Student's t test. 

6.1.4. GENERATION OF AUTQ-ANTI-IDIQTYPIC MONOCLONAL ANTIBODIES 

BALB/C mice were immunized by subcutaneous injection of 1 x 10^ trypan blue unstained, cultured MCA-1490 or 
MCA-151 1 cells, followed three weels later by excision of the resufting tumor nodules. After two more weelcs, the mice 
were injected with 2x10^ irradiated (15,000 rads) cells from the respective tumors, and two weeks later they were 
injected once more with the same dose. Splenic cells were obtained 7 days after the last injection and fused to NS-1 
myeloma oelis, using techniques which have been described (V^h, M.Y., et al., 1979, Proc. Natl. Acad. Sci. U.S.A. 
76:2927). 

Hybridomas were first screened for production of IgG antibodies using a radioimmunocompetition assay (Brown, 
J. P., et al., 1980, J. Biol. Chem. 255:4980), and those producing greater than 4 ^g IgG per ml were expanded. Culture 
supernatants were pooled, with each pool consisting of supernatants from five hybridomas. Antibodies were purified 
from each pool by affinity chromatography on g. aureus protein A oovaiently coupled to Sepharose CL-4B (Sigma 
Chemical Co., St. Louis, MO) (Brown, J.P., et al., 1980, J. Biol. Chem. 255:4980). The pH of the antibody solutions was 
adjusted to 8.5 prior to chromatography to facilitate the isolation of IgG^ . BALB/c mice were immunized by Injection with 
the pooled antibodies and five days later were challenged with the appropriate tumor cells (MCA-1490 or MCA-151 1 
cells) for elicitation of DTH. The individual supernatants of a pool testing positive were assayed for the priming of DTH 
to MCA- 1 490 and MCA-1 51 1 , with one of the two tumors serving as the control. Two to four percent of the wells from 
each fusion were found to contain antibodies with the desired activity. Hybridomas making antibodies that primed for 
tunmr-specific DTH were cloned twice by limiting dilution, after which positive clones were expanded and adapted to 
grow as ascites tumors in pristaneiarimed BALB/c mice (Yeh, M.Y., et al., 1979, Proc. Natl. Acad. Sci. U.S.A. 76:2927). 
Monoclonal antibodies were purified from ascites fluid by affinity chromatography on protein A Sepharose. mAb 4.72 
(relating to MCA-1490) and mAb 5.96 (relating to MCA-151 1) were used for the present study They were both of the 
lgG1 isotype, as was mAb 8.2, which was used as a control in some experiments. 

6.1.5. T CELL HYBRIDOMAS 

Several hybridoma lines were obtained by fusion of BW5147 cells with thymocytes of mice carrying MCA-1490 
tumors, as previously described (Nelson, K.A., et al., 1980, Proc. Natl. Acad. Sci. U.S.A. 77:2866; Nelson, K., etal., 
1985, in T-Cell Hybridomas, Taussig, M.J., ed., CRC Press, p. 129). The four hybridomas used in this study produced 
factors which suppressed the lysis of MCA-1490 cells by specif ically Immune T cells as tested in a ^^Cr-release assay 
(Nelson. K., et al., 1935, supra) . Cultures of these hybridomas and of the BW5147 fusion partner were grown in Dul- 
becco*s modified Eagles' medium (Grand Island Biological Co., Grand Island, N.Y}, which was supplemented with fetal 
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bovine serum (150 ^l/ml}, penicillin (100 units/ml), streptomycin (100 iigM) and L-glutamine (290 ^gAnl), and was buff- 
ered with sodium bicarbonate. Spent medium was taken from cells in log phase growth when there were approximately 
2x10^ cells per ml. The medium was filtered (0.4 microns, Milllpore) and stored at -IQ^C until assayed. 

6.1.6. ISOLATION OF SUPPRESSOR FACTORS BY AFFINITY CHROMATOGRAPHY WITH mAb 

mAb 4.72 or 5.96 was used together with a control mAb. 8.2, which is also of the lgG1 isotype and is specific for a 
human melanoma antigen, p97 (Brown, J.P., et al., 1981, J. Immunol. 127:539}. The mAb were diluted in PBS to 2 mg 
per ml and then coupled to an equal volume of Affi-Gel 10 (Bio-Rad Laboratories, Richmond, CA) by overnight incuba- 
tion at 4°C. The gels were washed, incubated with 0.1 M ethanolamine and used to prepare columns. The columns 
were washed extensively with PBS and pre-eluted with 3 M NaSCN prior to use. Spent culture media of T cell hybrido- 
mas (as a source of suppressor factor} or BW5147 cells (as a control} were diluted 1 :10 In PBS, after which 0.2 ml of 
the diluted media were passed through columns of 0.2 ml of gel. The columns were washed with PBS until 2 ml of efflu- 
ent had been collected, after which the effluents were diluted 1 :10 in PBS and assayed for suppression of the inductive 
phase of DTH. 

Experiments were also performed with sera from BALB/c mice which had been transplanted with either MCA- 1490 
or MCA- 1 51 1 tumors or which were untreated littermates. The sera were diluted 1 :1 0 in PBS, after which 0.5 ml of the 
diluted sera was passed through columns of 0.5 ml gel. The columns were washed with PBS. The first 1 .5 ml was col- 
lected as effluent and an additional 5 ml was discarded. Bound proteins were then eluted from the columns by addition 
of 0.5 ml of 3 M NaSCN, and the eluates were desalted by passage through columns of Sephadex G-25 equilibrated 
with PBS. Eluates and effluents were diluted in PBS to yield a 1 :100 dilution relative to the original sera. They were sub- 
sequently tested for SL^spression of the inductive phase of DTH. 

6.1.7. BINDING OF SUPPRESSOR FACTOR K54SF to MCA-1490 CELLS 

Adherent cultured MCA-1490 cells were incubated in ethylene-diamine tetraacetic acid (5 mM), washed with PBS, 
and incubated in a 0.1% solution of glutaraldehyde for 10 minutes at 4*>C. The cells were subsequently incubated in 
PBS with 0.5% bovine serum albumin, followed by washing with PBS. Spent culture media of T hybridoma I-K54 or con- 
trol BW5147 cells were diluted 1 :100 in PBS containing 10 ug of either mAb 4.72 or mAb 8.2 (as a control), and incu- 
bated on ice for 30 minutes. Subsequently, they were added to 100 ul of packed tumor cells, which were suspended and 
incubated at room temperature for 10 minutes and on Ice for an additional 30 minutes. In one experiment, the tumor 
cells were pretreated by incubation with antibody and washed three times with PBS t^fore the addition of diluted spent 
media from I-K54 or BW5147 cells. After incubation on ice, the tumor cells were washed 5 times with 15 ml of PBS and 
suspended in 0.5 ml of glyclne-HCI buffer (pH 3.0). After further Incubation on ice for 10 minutes, the cells were pelleted 
by oentrHugation at 200 X g. Tlie pH of the supernatant was immediately adjusted by passage through Sephadex G-25 
equilibrated with PBS. The eluates were diluted 1:10 in PBS and assayed for suppression of the inductive phase of 
DTH. 

6.1.8. ISOLATION AND CULTURE OF T CELL LINES 

T cells reacting with mAb 4.72 were obtained from lymph nodes draining the site of a progressively growing, trans- 
planted MCA-1490 sarcoma. The cells were isolated by centrifugation on a Percoll gradient (Pharmacia) and mixed with 
mAb 4.72 or mAb 8.2 coupled with biotin. Subsequently, they were washed, treated with avidin-f luorescein Isothiocy- 
anate (FITC), washed again and analyzed on a fluorescence-activated cell sorter (FACS-II, Becton-Dickinson). Brightly 
stained cells, which were seen only in the sample treated with mAb 4.72, and which represented less than 1% of the 
sample, were collected. These cells, termed 90.3, were cultured in Click's medium supplemented with 25% medium 
from a culture of rat spleen cells which had been stimulated with ooncanavalin A for 24 hours. Vigorous growth was 
observed after 25 days and was maintained tay expanding the cultures into fresh medium every 72 hours. Another cell 
line, 1 1 .2, was established from Lyt-1 positive lymphocytes which had been obtained from nodes draining the site of a 
MCA-1 51 1 tumor; it was maintained in a way similar to line 90.3. The cells were assayed between 6 and 1 8 weeks after 
establishment of the 90.3 or 1 1 .2 lines. Normal T cells from lymph nodes of tumor-free mice were cultured for 48 hours 
before they were used as controls for some of the assays. 

6.1.9. IN VIVO MANIPULATION OF TUMOR GROWTH 

Tumor tissue was obtained from mice 14-21 days after injection of tumor cells from serial passage. A suspension 
was prepared by mechanical disruption and brief treatment with trypsin. Viability was assessed by exclusion of trypan 
blue. In the experiment presented in Fig. 4, tumor cells were mixed with cultured T cells at a ratio of 1 :1 0 and the mixture 
injected in one subcutaneous site. Ten mice were used per treatment group. Tumor growth was monitored at 2-4 day 
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intervals by two peipendicular measurements of the growing tumor nodule. Tumors with an area greater tiian 0.2 cm'^ 
rarely regressed in untreated controls and were considered established tumors. 

In the experiments measuring the effect of mAb treatment, tumor cells were injected subcutaneously in one site per 
rouse. mAb was diluted in PBS and injected intraperitoneally (i.p.), 10 ug per injection. Tumor growth was monitored as 
described above. A two-tailed Student's t test was used to determine the significance of the difference between the var- 
ious treatment groups. 

6.2. SUBCUTANEOUS ADMINISTRATION OF mAb 4.72 OR mAb 5.96 INDUCES TUMOR-SPECIFIC DTH TO MCA- 
1490 and MGA-1511 

We have previously reported that mAb 4.72 can induce DTH to MCA-1490, when injected subcutaneously and that 
it reacts with an idiotope on tumor-specrfic cells, Le^, that It is auto^nti-ldlotoplc (Forstrom, J.W.. et al., 1983, Nature 
303:627). We have now developed a similar mAb, 5.96, using lymphocytes from mice sensitized to an antigenically dif- 
ferent sarcoma, MCA- 151 1 (id-) This allowed us to assess the immunological specificity of the DTIH effect by testing 
mAb 4.72 and 5.96 in parallel (Table 1). 



TABLE I 



mAbs 4.72 AND 5.96 PRIME BALB/C MICE FOR DTH THAT IS TUMOR- 
SPECIFIC AND ALLOTYPE RESTRICTED* 


Mouse Strain 


Mice Injected with 


Mean Footpad Swelling (x 
10'^ in±SE} in Mice Chal- 
lenged with 






MCA-1490 


MCA- 1511 


BALB/c(H-2^, lgh-1^) 


mAb 4.72 


15.3 ±1.2^ 


5.0 ±1.6 




MCA-1490 cells 


18.4 ±1.6^ 


Not done 




mAb 5.96 


8.0 ±1.2 


13.7 ±0.3^ 




MCA- 1511 cells 


Not done 


18.7 + 0.9^ 




Diluent 


8.3 ±1.2 


5.0 ±1.8 


CB-20 (H-2^. lgh-1^ 


mAb 4.72 


7.7 ± 0.4 


6.7 ±0.3 




MCA-1490 cells 


18.3 ± 0.9^ 


Not done 




mAb 5.96 


8.2 ± 0.6 


6.7 ±1.2 




MCA- 1511 cells 


Not done 


20.0 ±1.8^ 




Diluent 


8.0 ±1.2 


5.3 ± 0.6 



* Five mice in each ^o\jp were injected subcutaneously witti 5 ug of mAb or 
10^ tumor cells in 100 ul. Five days later, all mice were given 5x10^ tumor 
cells in 20 ul into one hind foolpad. Ttie increase in the ttiickness (swelling) 
of the injected pad over the contralateral pad was determined 24 tiours later 
and Is presented as the mean (± SE) for each group. 
^ The response of these mice was signVicantly greater than that of mice 
injected with diluent at P less than 0.01 isy Student's t test. 



As shown in Table I, BALB/c mice primed with mAb 4.72 responded with DTH to a subsequent challenge with MCA- 
1490 celle but not to challenge with MCA- 151 1 celle. mAb 5.96 behaved in an analogoue way in that it primed BALB/c 
mice for DTH to MCA- 1 51 1 but not MCA-1490. The epecrficity of the DTH indicates that different idotopee were involved 
in the immune responses to MCA- 1 490 and MCA-1 51 1 . 

In agreement with previous data for mAb 4.72 (Forstrom, J.W., et al., 1983, Nature 303:627), the priming required 
identity at genes linked to the lgh-1 allotype locus (Table 1), since neither of the two mAb primed CB-20 mice. Immuni- 
zation with tumor cells did induce DTH in the CB-20 mice. When tested with antibody binding assays (Cory, J., et al., 
1981 , in Monoclonal Antibodies and T Cell Hybridomas, Hammerling, G.J., etal., eds., ElsevleryNortfi-Holland Biomed- 
ical Press, p. 503), mAb 5.96 was similar to mAb 4.72 (Forstrom, J.W., et al., 1983, Nature 303:627) in that it did not 
bind to sarcoma cells. 
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We conclude that mAb 4.72 and mAb 5.96 are functionally anti-idiotopic to the immune responses to MCA- 1490 
and MCA-1511, respectively. 

6.3. INTRAVENOUS ADMINISTRATION OF mAb 4.72 SUPPRESSES DTH TO MCA-1490 

We tested the effect of intravenous (i.v.) administration of mAb 4.72 on the DTH reactivity of mice which had been 
immunized by subcutaneous injection of either mAb 4.72 or MCA-1490 cells or with MCA- 151 1 cells, the latter being 
used as control. Immediately following the subcutaneous immunization, mice were injected via a tail vein with approxi- 
mately 5 ug of mAb 4.72 or mAb 8.2 (as a control). The DTH response was measured 5 days later (Table II). 



TABLE II 



mAb 4.72 SUPPRESSES DTH TO MCA-1490 WHEN INJECTED INTRA- 


VENOUSLY (I.V.) INTO MICE IMMEDIATELY AFTER IMMUNIZATION BY 


SUBCUTANEOUS INJECTION OF EITHER mAb 4.72 OR MCA-1490 




TUMOR CELLS* 




Mice Immunized 


Mice Chal- 


Antibody (or Fab 


Mean Footpad Swell- 


witn 


lenged with 


fragments) 


ing (X 1 0 in. ± bbj 






Injected i.v. 




mAb 4.72 


MCA-1490 


mAb 4.72 


4.8 ± 0.8^ 






mAb 8.2 


12.2 ± 0.7 






None (diluent) 


13.6 ±0.5 


MCA-1490 


MCA-1490 


mAb 4.72 


6.8 +1.6^ 






Fab 4.72 


7.2 ±1.3^ 






mAb 8.2 


17.0 ±1.3 






None (diluent) 


19.8 ±0.7 


Nothing 


MCA-1490 


None 


4.0 ± 0.9 


MCA-1511 


MCA-1511 


mAb 4.72 


15.0 + 2.6 






Fab 4.72 


15.6 ±1.2 






mAb 8.2 


14.8 ±2.1 






None (diluent) 


16.4 ±2.6 


Nothing 


MCA-1511 


None 


4.6 ±1.3 



* Mice were Immunized by siiscutaneous injection, and DTH was measured as 
described for Table i. Material assayed lor suppression of DTIH was diluted, and 
too ul injected i.v. immediately following immunization. Eadi mouse received 5 
ug of whole mAb or 3.5 ug of Fab fragments. 

^ The response of these mice was significantly lower than that of mice receiving 
diluent at P less than 0.001 according to Students t test. 

As Shown in Table II, i.v. injection of mAb 4.72 suppressed Uie ability of subcutaneously injected mAb 4.72 or MCA- 1 490 
cells to prime mice for DTH to MCA-1490. Furthermore, I.v. Injection of Fab fragments prepared Irom mAb 4.72 sup- 
pressed immunization with MCA-1490 cells. Immmunization with MCA-151 1 cells was not suppressed, and i.v. injection 
of a cxsntrol mAb, 8.2, had no effect. 

We conclude that the route of administration influenced the DTH reactivity of mice receiving mAb 4.72, with subcu- 
taneous injection inducing DTH (see Section 6.2., suprq) and i.v. injection suppressing this effect. 

6.4. EXPRESSION OF AN IDIOTOPE DEFINED BY mAb 4.72 ON T CELLS MEDIATING DTH TO MCA-1490 

We studied whether the mAb 4.72 defined idiotope was present on T cells mediating DTH to MCA-1490. Mononu- 
clear cells from lymph nodes draining a growing MCA-1490 tumor were analyzed on a fluorescence-activated cell sorter 
(FACS) using mAb 4.72 coupled to blotin and avIdln-FITC. Brightly stained cells were obsen/ed. Although the brightly 
stained cells represented less than one percent of the total population of mononuclear cells, they were not seen in sam- 
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pies analyzed with a biotinylated control monoclonal antibody, mAb 8.2, used at the same dose. Tlie stained cells were 
isolated and cultured in the presence of interleukin-2 (lL-2), from which a cell line was established, which was called 
90.3. When the 90.3 cells were analyzed for surface phenotype after six weeks of culture, they bound mAb 4.72, 
although the fluorescence intensity was lower than that of Hie original cells. These cells were Thy-1 positive and 
s expressed Lyt-1 but not Lyt-2 antigens. 

We then investigated the effect of the 90.3 cells on tiie DTH response to MCA-1490 (Table III). 



TABLE III 



w 


TUMOR-SPECIFIC DTH IS TRANSFERRED BY T CELLS FROM 

LINES 90.3 AND 11. 2"^ 




Mice Injected with Mixture of 


Mean Footpad Swelling (x 10'^ 
in. ± SE) 


15 


Tumor Cells 


Effector Cells 


Experiment 1 


Experiment 2 




MCA-14gO 


90.3 


19.2 ±1.6^ 


15.0 ±2.2^ 




MCA-1490 


Normal T 


9.6 ±1.1 


4.8 ± 0.6 


20 


MCA-14gO 


None (diluent) 


7.0 ± 0.7 


4.0 ± 0.4 


MCA-1511 


90.3 


9.4 ± 1 .0 


4.0 ± 0.4 




MCA-1511 


11.2 


17.3 ±2.6 


10.7 ±1.2^ 




MCA-1511 


Normal T 


10.2 ±2.3 


3.0 ± 0.3 


25 


MCA-1511 


None (diluent) 


8.0 ± 0.7 


3.0 ± 0.4 




None (diluent) 


90.3 


0.4 ±1.2 


0.2 ± 0.4 




None (diluent) 


11.2 


2.6 ± 0.6 


1.2 ±0.6 


30 


None (diluent) 


Normal T 


4.8 ±1.0 


3.6 ±1.2 



* Eflectcr T cells (2 X 1 0^ derived from lines 90^ or 1 1 .2 or from naive 
BALB/c mice were mixed wHh MCA-1 490 or MCA-1 51 1 cells (5 x 1 
and injected into one footpad of a naive BALB/c mouse. Five mice 



were used per group. After 24 hours, DTH was measured and calcu- 
lated as deecrbed in Table 1. 

^ The response of these mice was significantly greater than that off 
mice receiving diluent and MCA-1 490 ceils at P less than 0.02 t>y Stu- 
denTs t lest. 



40 

As shown in Table III, there was DTH to MCA-1490 when mixtures of 90.3 cells arxi MCA-1490 cells were injected 
into the Ibotpads of naive BALB/c mice. There was no DTH to MCA-1 511, and neither was there any footpad swelling 
in mloB which received only the 90.3 cells but no MCA-1490 cells. A second line of T cells, 1 1 .2, was established from 
lymph nodes of mice draining the antigenically different sarcoma MCA-1 51 1 . The 11 .2 line gave DTH to MCA-1 51 1 but 

45 not to MCA-1 490. Lymph node cells from naive mice were cultured in medium containing IL-2 for 48 hours prior to the 
assays and was used as another control; they did not transfer DTH to MCA-1 490. 

90.3 cells, which had been cultured for nine weeks, were tested for their effect on the in vivo growth of the MCA- 
1490 tumor. Cultured T cells from naive mice were used as controls. The T cells were mixed with MCA-1490, MCA- 
1510 or MCA-1 51 1 tumor cells; each mixture was injected subcutaneously into ten naive BALB/c mice. Time to appear- 

50 ance of tumors was monitored, as well as the growth rate of the tumors. As shown in Figure 4, one of ten mice which 
had received a mixture of MCA-1 490 together with 90.3 cells developed palpable tumoiB, as compared to nine of ten 
mice in which control T cells rather than 90.3 cells were admixed. The 90.3 cells had no effiect on two antigenically dif- 
ferent sarcomas, MCA-1 510 or MCA-1 511. 

We conclude that mAb 4.72 reacted with a small population of T cells from mice bearing sarcoma MCA-1490, and 

55 that cell line 90.3, which was derived from such cells, was spectfically reactive to MCA-1 490. 
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6.5. EXPRESSION OF AN IDIOTDPE RECOGNIZED BY mAb 4.72 ON FACTORS DERIVED FROM SUPPRESSOR 
T CELLS 

We have previously deecribed the generation of T-T hybridomas by fusing T cells from mice bearing sarcoma MCA- 
5 1490 (Nelson, K.A., et al., 1980, Proc. Natl. Acad. Scl. U.S.A. 77:2866). The monoclonal products (suppressor factors) 
made by four of these hybridomas, I-K54, 11-15, 11-32, and 11-122, have been demonstrated to suppress DTH to MCA- 
1 490p but not to MCA-1 51 1 , arKi to bind specif ically to MCA-1490 cells, while they differed as to the kinetics and genetic 
restriction of their suppression (Nelson, K., et al., 1985, in T-Cell Hybridomas, Taussig, M J p sd., CRG Press, p. 129). 
We selected one of the four 5L4}pre6Sor factors, K54SF, to test whether the Idiotope defined by mAb 4.72 was asso- 
10 elated with the portion of that factor which could bind to MCA-1490. K54SF (obtained from supernatant of cultured I- 
K54 cells) and MCA-1490 eels were inoculated together, after which the tumor cells were washed and any K54SF that 
had tx3und to them was eluted. Suppression was assayed by DTH tests after injecting the eluates i.v. into mice imme- 
diately after these had been immunized subcutaneously with MCA-1490 or MCA-1 51 1 cells. Tumor-specific suppres- 
sive activity was recovered in the eluates. 
15 The ability of mAb 4.72 to inhibit the binding of K54SF to MCA-1490 was investigated in more detail. Medium con- 
taining K54SF was mixed with either mAb 4.72 or mAb 8.2 (control) before it was added to MCA-1490 cells, and eluates 
of the cells were tested for si^spression (Table IV). 



TABLE IV 





INCUBATION OF K54SF (A SUPPRESSOR FACTOR MADE BY T-T HYBRIDOMA I-K54} WITH mAb 4.72 

INHIBITS ITS BINDING TO MCA-1490 CELLS* 


25 


Anti-MCA-1490 Immune Mice Injected with 


Mean Footpad Swelling (x 10'^ 
in. ± SE) in Mice Challenged 
with MCA-1490 




Source of Si^apres- 
sor Factor (medium) 


Suppressor Factor 
First Mixed with 


Subsequently Inculcated 
with and Eluted from 


Experiment 1 


Experiment 2 


30 


I-K54 


mAb 8.2 


MCA-1490 


6.4 ± 0.6^ 


4.0 ±0.7^ 


I-K54 


mAb 4.72 


MCA-1 490 


15.6 ±1.1 


15.2 ±0.9 




BW51 47 (control) 


mAb 8.2 


MCA-1490 


17.4 ±0.9 


Not done 




BW51 47 (control) 


mAb 4.72 


MCA-1490 


17.2 ±1.6 


Not done 


35 


I-K54 


Diluent 


MCA-1490 pre-incu- 
bated with mAb 8.2 


Not done 


6.6 ± 1 .5^ 




I-K54 


Diluent 


MCA-1490 pre-incu- 
bated with mAb 4.72 


Not done 


17.6±1.2t 



^ * Media of I-K54 or BW51 47 (control) cells were first mi)tBd with mAl? 4.72 or mAb 8.2, alter wliich they were incu- 

bated with MCA-1 490 cells. In Experiment 2, there were also groups (lines 5 and 6 in the Tatie) in which MCA- 
1490 cells were Inculcated with mAb 8.2 or mAb 4.72, before they were Incubated with I-K54 medium. After Incu- 
liation, the tumor cells were washed, and material bound to them was eluted and assayed for supfsression of DT1-I 
to MCA-1490. Mean footpad swelling In unimmunized (controQ mice was 5.0 ± 0.3 in Experiment 1 and 5.2 ± 0.6 

4S in Experiment 2, and mean footpad swelli ng in anti-MCA-1 490 immune mice challenged with MCA-1 490 was 1 5.8 

± 1 .4 in Experiment 1 and 17.6 ± 1 .0 in Experiment 2. 

^ The response of these mice was significantly lower than that of mice receiving diluent at P less than 0.001 by 
Student's t test. 



so As shown in Table IV, eluates of MCA- 1 490 cells wtiicli tiad been inculcated with a mixture of mAb 8.2 arxj K54SF, sup- 
pressed DTH to MCA-1490. In contrast, eluates of MCA-1490 cells incubated with a mixture of K548F and mAb 4.72 
were not suppressive. This result indicates that the ability of K54SF to bind to MCA-1490 was inhibited by its binding to 
mAb 4.72. Eluates of MCA-1 490 cells which had been incut»ted with BW51 47 (conlrol) medium arKi mAb 8.2 were not 
suppressive; thus suppression was not due to eluted tumor antigen. Pretreatment of MCA-1490 cells with mAb 4.72 did 

55 not prevent them from binding K54SF (see line 6 of Table XV], and thus the inhibition seen when K54SF was incubated 
with mAb 4.72 was not due to competition between mAb 4.72 and K54SF for binding to antigen on MCA-1490 cells. The 
results suggest that the idiotope recognized by mAb 4.72 is expressed at the site of K54SF which binds to MCA-1490 
or, at least, in close proximity to that site. Similar results were olstained for the suppressor factor produced t}y a T cell 
hybridoma, 11-32. 
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Since K54SF suppreesee DTH to MCA-1490, we assayed the effect of K54SF on the function of 90.3 cells, since 
these cells could transfer DTH specific to MCA-1490 (see Section 6.4, supra) . Mice were injected, in one footpad, with 
a mixture of cells from the 90.3 line and cells from the MCA-1490 tumor. One fiour later, K548F (as supernatant of the 
I-K54 hybridoma] was injected into the same footpad; BW5147 supernatant was used as control. As shown in Table V, 
s injection of K54SF suppressed the ability of the 90.3 cells to mediate DTH to MCA-1490. 



TABLE V 



10 


DTH TO MCA-1490, AS TRANSFERRED BY T CELLS FROM LINE 
90.3. IS SUPPRESSED BY A FACTOR PRODUCED BYT-T 

HYBRIDOMA I-K54* 


15 


Cells Transr 
ferring DTH 


Source of Sup- 
pressor Factor 
(culture medium) 


Mean Footpad Swelling (x 10'^ 
in. ± SE) 








Experiment 1 


Experiment 2 




90.3 


None (diluent) 


19.2 ±1.6 


15.0 ±2.2 






I-K541.0 ul 


8.2 ± 0.8^ 


Not done 


20 




I-K54 0.1 ul 


9.4 ± 0.9^ 


3.0 ± 0.4^ 






BW51471.0 ul 


20.3 ±1.4 


Not done 






BW5147 0.1 ul 


19.6 ±1.6 


13.3 + 1.2 


25 


Normal T 


None (diluent) 


9.6 ±1.1 


4.8 ± 0.6 




Diluent 


None (diluent) 


7.0 + 0.7 


4.0 + 0.6 



* Line 90.3 T cells were mixed witli MCA-1490 cells and injected into 
the Ibotpads of naive BALB/c mice to assay for DTH, as described in 
Table III. Medium of I-K54 or BW5147 (oonlrol) ceils was diluted to 5 ul 
and injected into the same footpad as the T cell-tumor cell mixture. 
Five mice were used per group. 

^ Tlie response of these mice was significantly lofwer tlian that of mice 
receiving 90^ cells, tumor cells and diluent, at P less than 0.01 tsy Stu- 
denfs 1 test. 



Since botfi 90.3 effector cells and K54 suppressor cells appeared to carry a mAb 4.72-d0fined idiotope, we evalu- 
ated whether this idiotope was present also on suppressor factors made by T cell hybridomas other than K54. Suppres- 
40 sor factors derived from four different T cell hybridomas were assayed for suppressive activity after incubation wiUi 
Imnmbllized mAb 4.72. Spent medium from Ifie four hybridomas and from BW51 47 (control) cells, was passed tfirougfi 
columns of either mAb 4.72 or mAb 8.2 (control}, which fiad been covalently coupled to agarose. Tfie effluents were 
assayed for suppression of DTH to MCA-1 490, by Injecting them l.v. Into BALB/c mice Immediately after tfiey had been 
subcutaneously immunized to MCA-1490 (Table VQ. 



so 



ss 
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TABLE VI 



mAb 4.72 BINDS TO FACTORS WHICH ARE 
PRODUCED BY T CELL HYBRIDOMAS AND 

WHICH SUPPRESS DIM TO MCA-1490* 


Source of Suppres- 
sor Factors (culture 
medium from) 


Mean Footpad Swelling (x 

10"^ in. + SE) in Mice 
Injected with Medium 
Adsorbed with 




mAb 8.2 


mAb 4.72 


BW5147 (control) 
Hybridoma I-K54 
Hybrldoma 11-15 
Hybridoma 11-32 
Hybridoma 11-122 


24.2 ± 1 .8 
7.8 ±1.0^ 
9.6 + 2.8** 
10.8 ±2.0** 
11.0± 1.2t 


23.4 ± 0.8 
22.9 ±1.2 
18.4 ±2.2 
24.8 ± 2.4 

23.6 ± 2.0 



* spent cuhire medium of T cell hybridomas I- 
K54, 11-15, 11-32 and 11-122 or of BW51 47 (control) 
cells were passed through columns of mAb 4.72 
or 8.2 oovalently coupled to agarose. The efflu- 
ents were assayed Idr suppression of the induc- 
tive phase of DTM to MCA-1490 as descrbed In 
Table II. Statistical significance of differences in 
footpad swelling, as compared to control mice 
receiving diluent was estimated by Student's t 
test. 

^ P less than 0.001 
** P less than 0.01 



As shown in Table VI, media derived from eacti of the four T hybridomas and passaged through a control column (of 
mAb 8.2) suppressed the induction of DTH to MCA-1490, while this suppression was removed by passage through a 
mAb 4.72 column. All four suppressor factors thus appeared to express the Idlolope defined by mAb 4.72. 

This result suggested that the idiotope defined tiy mAb 4.72 was dominant in regulating the suppressor response 
to MCA- 1 490. However, as factors made by only four hybridomas were studied, we next analyzed the presumably pol- 
yclonal suppressor response in mice bearing a growing MCA-1490 sarcoma. Tliis experiment was done on the basis 
of the demonstration that sera from mice carying MCA-1490 or MCA-1511 sarcomas can suppress the induction of 
DTH to the respective tumors (Table VII). 
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lABLE VII 



SERA FROM MICE BEARING SARCOMA MCA-1490 OR 
MCA-1511 SUPPRESSES DTH TO THE RESPECTIVE 

TUMOR* 


Serum Donor 


Mean Foolpad Swelling (x 
10"^ in. ±SE) in Mice 
Immunized and Chal- 
lenged with 




MCA- 1490 


MCA-1511 


MCA-1490 tumor-bearer mice 
MCA-1511 tumor-bearer mice 
Naive mice 
None (diluent) 


6.7 ± 1 .3t 
15.9 ±2.6 
17.5 ±4.5 
15.0 ±1.4 


20.0 ± 0.4 
10.4 ±2.3^ 
22.2 + 2.6 
21.0 ±1.4 



* Sera from mioe bearing prog^ssively growing MCA-1490 or 
MCA-151 1 tumors or from oomrol mice were diluted and 100 
ul injected i.v. into mioe immediately before immunization to 
MCA-l4go or MCA-151 1 . DIM was elicited and measured as 
descrit»d in Table I. Mean footpad swelling in unimmunized 
mice was 5.3 ± 1 .2 after challenge with MCA-1 400 and 6.3 ± 
0.3 after challenge with MCA-151 1 . 
^ Tlie response of these mice was significantly lower than that 
of mice receiving diluent at P less than 0.01 by Student's t test. 

Sera from tumor-bearing nilce were chromatograpiied on Golumns of mAb 4.72 or mAb 8.2 (corrtrol). the material bourKi 
to the columns was eluted, and effluents and eluates were assayed for suppression of DTH (Table VIII). 
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TABLE VIII 



5 


mAb 4.72 BINDS SERUM FACTORS WHICH SUPPRESS DTH TO MCA-1490 BUT DO NOT BIND SERUM FAC- 
TORS WHICH SUPPRESS DTH TO MCA-151 1* 




Mioe 


Mean Footpad Swelling (x 10'^ 
in. ± SE) 


10 


iiiirTiumzca wiui 


Vernal lengea 
with 


Intravenously injected 


izxp6nrn@ni i 


cxpcriiTicni £ 


IS 






Sera 


Immunoad- 
sorbed on 
Column Pre- 
pared with 


Fnaction 
from Immu- 
noadsorb- 
ent Column 






MCA- 1490 


MCA-1490 


MCA-1490 


mAb 8.2 


Effluent 


6.0 ± 1.3' 


6.0 ± 1.4' 








tumor-bearer 


mAb 8.2 
m Ah d 79 


Eluafte 


16.6 ± 0.7 
15.0 +1.0 


Not done 

16.0 + 2.0 


20 








mAb 4.72 


EluaAe 


7.2 ± 0.8^ 


8.0 ±1.3+ 








None (diluent) 






15.0 + 1.4 


15.0 ± 0.3"^ 




None (unimmu- 
nized) 


MCA-1490 


None 






5.3+1.2 


6.3 ± 0.7 


25 


MCA- 1511 


MCA-151 1 


MCA-1511 


mAb 8.2 


Effluent 


10.2+ 1.2t 


10.2±1.2t 








tumor-bearer 


mAb 8.2 
mAb 4.72 


Eiuate 
Effluent 


19.2 ± 2.0 
9.8+1.6^ 


Not done 
9.8 ±1.2 


30 








mAb 4.72 


EluaAe 


16.8 ± 1.5 


15.8 ±1.2 








None (diluent) 






21.0 ± 1.4 


17.6 + 0.8 




None (unimmu- 
nized) 


MCA-1511 


None 






6.3 ± 0.3 


5.7 ± 0.7 



* Sera from mioe bearing MCA-1490 or MCA-151 1 tumors were passed through immunoadsorbent columns of mAb 4.72 or 
mAb 6.2, covaientiy coupled to agarose. The columns were washed, and bound material was eiuted with 3 M NaSCN and 
desalted on SephadexG-25 which had been equilibrated with PBS. The effluents and eluates of each column were assayed 
for suppression of the inductive phase of DTH as descrit»d in Tables XIII and XVI. 

^ Ttie response of these mioe was signiicantiy lower than that of immunized mioe receiving diluent at P less than 0.01 lay 
Student's t test. 



As shown in Talkie VIII, sera from mice bearing MCA-1490 suppressed DTH to MCA-1490 after passage through a con- 
trol oolumn (of mAb 8.2} but not after passage through a mAb 4.72 column, and material wtiich suppressed DTH to 
4s MCA-1 490 was recovered in an eluate of the latter column. Immunoadsorption with mAb 4.72 did not remove the ability 
of sera from mice bearing a different tumor, MCA-151 1 , to suppress DTIH to that tunmr. 

Our results indicate that suppression of DTH to MCA-1490 was associated wiUi an idiotope recognized by mAb 
4.72 and that suppression of DTH to MCA-1511 did not involve that idiotope. 

so 6.6. SEROTHERAPY OF MICE WITH MGA-1490 OR MCA- 151 1 TUMORS 

We investigated whether injection of mAb 4.72 and 5.96 protected mice against challenge with Hie appropriate 
tumor cells (MCA-1490 or MGA-151 1 , respectively) and whether it had any therapeutic effect on established tumors. 
The mAb were injected intraperrtoneally; the i.v. route was not chosen in view of the evidence (see Section 6.3, suprq) 
ss that mice so injected showed decreased DTH reactivity to tumor antigens. 

In the first set of experiments, mice (20 per group} were injected wiUi eiHier mAb 4.72 or (control} mAb 8.2. They 
were challenged, 5 days later, with MGA-1 490 cells at a dose which, according to pilot tests, caused progressive tumor 
growth in approximately 90% of the recipients. Priming with mAb 4.72 delayed the appearance of transplanted MCA- 
1 490 sarcoma by 5 to 9 days compared to controls, but there was no significant difference between the percentage of 
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mice dying fnom progressively growing tumors. Tlie growth of the antigenicaliy unrelated MCA-151 1 sarcoma was not 
affiected. AAarying the amount of mAb 4.72 injected did not improve the results. Rather, in one experiment in which mice 
received 100 times the amount of mAb 4.72 which could prime for DTH, the growlti of MCA- 1490 was accelerated as 
compared to both control mice and control tumors. A dual effect has also been reported in the manipulation of immunity 
s to viral antigens, using anti-ldiotypic antibodies (Kennedy, R.C. and Dreesman, G.R., 1984, J. Exp. Med. 159:655; 
Kennedy, R.C., et al., 1984, J. Virol. 50:951). 

In a second series of experiments, mice were first injected with MCA- 1490 cells subcutaneously, arx:! this was fol- 
lowed 7 or 8 days later by 1 00 ug mAb i.p. ; at this point in time, tumors had become barely palpable in about 50% of the 
mice. The antibody injection was repeated at 4 to 5 day intervals for a total of four injections. In all of the 1 0 mice given 

10 mAb 4.72, the original small tumor nodules had regressed when the experiment was terminated after 6 weeks. At that 
time, 6 of 1 0 mice given the control mAb 8.2 had progressively growing tumors with a surface area greater than or equal 
to 0.20 cm^. This difference between the two groups was significant at P less than or equal to 0.05. 

To test the limits of this form of therapy, the dose of tumor cells was increased by giving tumor cells at a dosage 
twice that required to grow out in 1 00% of the recipients. The two antigenicaliy distinct sarcomas, MCA- 1 490 and MCA- 

15 1511 p were treated in parallel with the appropriate anti-idiotypic mAb (4.72 and 5.96, respectively). Groups of ten mice 
were injected with mAb 4.72 (related to MCA-1490}, mAb 5.96 (related to MGA-151 1), mAb 8.2 (as a control), or diluent 
(as another oontrol), starting nine days after transplantation when all the mioe had barely palpable tumors (greater than 
0.2 cm^). As shown in Figure 5, treatment with mAb 4.72 limited the growth of MCA-1490, but not of MCA-1511, and 
treatment wilti mAb 5.96 similarly Inhibited MCA-1511, but not MCA-1490. The differences between mice receiving the 

20 appropriate anti-idiotypic mAb and any of the three controls (the inappropriate anti-idiotopic mAb, mAb 8.2 or diluent) 
was statistically significant at P less than or equal to 0.001 . Figure 6 presents these data in more detail by showing the 
number of mice with tumors in each group treated with mAb 4.72 or mAb 5.96. In each of the two groups receiving 
appropriate anti-idiotypic antilx>dyp tumors regressed in 5 or 7 of the 1 0 treated mice, and three of these mice (in each 
of the two groups) remained free of tumor for two weeks after the last injection of antibody. At that time, all the mioe in 

25 the control groups had tumors with a surface area greater than 1.5 cm^, and some of the mice had already died with 
tumor. 

We conclude that treatment of mice with established sarcomas MCA-1490 and MCA-1511, using intraperitoneal 
injection of the appropriate anti-idiotypic mAb, had significant antitumor activity 

30 6.7. DISCUSSION 

We herein describe evidence that T cells and anti-idiotypic B cells were generated in mice which either bore a grow- 
ing sarcoma or had been immunized to such a tumor. T cells bearing the same idiotope included cells which mediated 
tumor-specific DTH and cells which made a soluble, tumor-specific suppressor factor. By employing anti-idiotopic mAb, 
3s we could manipulate the antitumor response so as to limit the growth of established syngeneic sarcomas expressing 
the relevant tunmr antigens. 

Two mAbp 4.72 and 5.96, were used. They were isolated from BALB/c mice which had been immunized to sarco- 
mas MCA-1490 or MCA-151 1, respectively. We regard the two mAb as anti-idiotopic in view of three findings which 
relate to their functions. First, each mAb induced tumor-specific DTI-i in syngeneic mice in the absence of tumor anti- 

40 gen. Second, this induction was allotype restricted. Third, neither mAb bound to the immunizing tumor. 

The idiotope defined by mAb 4.72 was identified on T cells which mediated DTH to MCA-1490. This was done in 
an experiment in which mAb 4.72 was used to isolate from lymph nodes of mice responding to MCA- 1490, a small frac- 
tion of lymphocytBS which expressed the 4.72-deflned idiotope and from which a T cell line. 90.3, could be established. 
Naive mice receiving the 90.3 cells displayed DTIH to MCA- 1 490 but not to MCA-151 1 , and the 90.3 cells prevented the 

45 outgrowth of sarcoma MCA-1490 but not sarcoma MCA-1510 or MCA-1511. Cheever et al. (1986, J. Exp. Med. 
163:1 100) have demonstrated the ability of Lyt 1*^' T cells to limit the progression of murine leukemia. However, their 
protocol includes reetimulation of the cultured cells with antigen as well as IL-2. The tumor specificity of the 90.3 cells 
argues against their being lymphokine-adivated killer cells. 

Products of T cells which suppressed the DTH response to MCA-1490 were found to express the idiotope defined 

so by mAb 4.72. This was shown in studies on four T cell hybridomas which had been obtained by fusing thymocytes from 
mice carrying growing MCA-1490 tumors with BW5147 cells (Nelson, K., et al., 1985, in T-Cell Hybridomas, Taussig, 
M.J., ed., CRC Press, p. 129). Tlie products of these hybridomas had previously been found to suppress the lysis of ^''Cr 
labelled MCA-1490 cells by specifically immune cytolytic T cells (Nelson, K.A., et al., 1980, Proc. Natl. Acad. 8ci. U.S.A. 
77:2866) and to suppress the induction of DTH to MCA-1490 (Cory, J., et al., 1981 in Monoclonal Antibodies and T Cell 

55 Hybridomas, Hammerling, G.J., et al, eds., ElsevieryNorth-Holland Biomedical Press, p. 503); this suppression was 
specific for the response to MCA-1490 and was allotype restricted. Furthermore, the suppressor factors had been found 
to bind to MCA-1490 cells from which they could be recovered by elution (Nelson, K. A., et al., 1 980, supra) . In the exam- 
ples described herein, we denmnstrate that mAb 4.72 Inhibits the binding of all four suppressor factors to MCA-1490 
cells. TTiis suggests that the idiotope defined by mAb 4.72 is associated with the site on the suppressor factor which 
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binds to a tumor antigen on MCA-1490 cells. T suppressor faclors bearing tiie idiotope defined by mAb 4.72 oould botii 
suppress the priming for DTH by mAb 4.72 and the transfer of DTH to MCA-1490 lay T cells from line 90.3 (which, as 
discussed supra , express the mAb 4.72-defined Idiotope). 

Based on these data, we suggest the following model: mAb 4.72 defines an idiotope which occurs on tumor-spe- 
5 cific regulatory T cells and is dominant in the immune response of BALB/c mice to MCA-1490. During this response, 
the same or a cross-reacting idiotope activates a B cell clone producing anti-idiotypic antibody The latter antibody is 
presumed to regulate l3oth suppressor T cells and DTH-reactive T cells. Our model assumes, as supported by various 
studies (R^ewski, K. and Takemori, T, 1983, Ann. Rev. Immunol. 1:569; Urbain, J., etal.p Ann. Immunol. 133D:179; 
Binz, H. and Wigzell. H., 1978, J. Exp. Med. 147:63; ErU, H.C.J., etal., 1982, Proc. Natl. Acad 8ci. U.S.A. 79:7479). that 
10 T and B cells Interact in Idiotypic networks. Our model also assumes that a B cell derived anti-idiotypic antibody (mAb 
4.72 in our example) arose in response to a T cell idiotope and not to a parallel set of idiotope-positive B cells. In support 
of this, we have no evidence for tumor cell binding antibody in the response of mice to MCA-1490, nor have we been 
able to induce such antibody by immunizing with mAb 4.72. This is in contrast with the ease in demonstrating idiotope- 
positive, antigen-reactive T cells. The data support the hypothesis that a T cell idiotope can induce an anti-idiotypic 
15 response in the B cell compartment, which in its turn can regulate T cell responses in both upwards and downwards 
directions. 

An alternative model assumes that the mAb 4.72-defined idiotope displays an Internal Image of the MCA-1490 
tumor antigen. However, it is difficult to reconcile that model with the allotype (igh-l) restriction of the induction of DTIH 
by mAb 4.72. 

20 In the present study, we used the anti-idiotypic mAb 4.72 in a successful attempt to remove the suppressive activity 
of sera from mice bearing MCA-1 490. All the circulating serum factors which oould be detected by measuring suppres- 
sion of DTH to MCA-1490 appeared to express the 4.72-deflned idiotope. 

As described supra, we next examined the feasibility of manipulating the immune response to tumor by using anti- 
idiotypic mAb. mAb 4.72 and 5.96 were chosen, as they could both induce DTH reactive cells in naive mice, arKl as the 

25 idiotope defined by one of the mAb, 4.72, was expressed on DTH reactive cells in immune mice. Our first set of exper- 
iments addressed the question of tumor prevention, tyy giving mAb before tumor transplantation, while a seoond series 
of experiments dealt with therapy of already established tumors. When mice received mAb 4.72 before they were chal- 
lenged with MGA-1490 cells, tumor outgrowth commonly was delayed by a few days. These antitumor effects did not 
improve by increasing mAb dose; in fact, an experiment with a 100-fbld increase in mAb dose showed accelerated 

30 tumor growth. 

In a second set of experiments, we Investigated the therapeutic value of injecting mice with established sarcomas 
irrtraperitoneally with the appropriate anti-idiotypic mAb. Injection of mAb 4.72 (but not of mAb 5.96) limited the growth 
of sarcoma MCA-1490 and, nmre importantly, it induced the regression of 3 out of 1 0 such sarcomas and prolonged the 
sun^ival of the treated mice. Injection of mAb 5.96 (but not of mAb 4.72} had a similar effect in mice with sarcoma MCA- 
35 1511, also inducing regression of 3 out of 1 0 sarcomas. 

7. ANTI-IDIOTYPIC ANTIBODY SPECIFIC TO AN IDIQTYPE WHICH RECOGNIZES A HUMAN MELANOMA-ASSO- 
CIATED GD3 GANGLIOSIDE ANTIGEN 

40 Mouse monoclonal antibody (mAb) MG-21 (Helistrom et al., 1 985, Proc. Natl. Acad. Sci. U.S.A. 82:1 499-1 502) rec- 
ognizes a GD3 ganglioside antigen expressed on the surface of cells from most human melanomas and In trace 
amounts on normal cells (Dippold, W.G., et al., 1980, Proc. NaU. Acad. Sci. U.S.A. 77:61 14-6118; Nudelman, E., et al., 
1982, J. Biol. Chem. 257:12752-12756; Yeh, M.Y., etal., 1982, Int. J. Cancer 29:269-275). mAb MG-21 demonstrates 
complementKlependent cytotoxicity (CDC) to GD3-positive cells with human serum as the source complement, and 

45 antil3ody-deperK:lent cellular cytotoxicity (ADCC) to GD3-posi1ive cells with human lymphocytes (Helistrom et al., 1985, 
supra) . The GD3 antigen to which MG-21 binds has been used with some success as the target for a passively admin- 
istered mouse mAb, R24 (Houghton, A.N., et al., 1985, Proc. Natl. Acad. Sci. U.S.A. 82:1242-1246), whose specificity 
and biological activity is similar to that of MG-21 . As described in the examples infra , we have used MG-21 (Abl) as an 
immunogen to generate a mouse monoclonal anti-idiotypic antibody (Ab2), which was designated 2C1. This mAb, 

50 which is an lgG2a, was selected by its capacity to inhibit the binding of MG-21 to a GD3-positive melanoma cell line. 
mAb 2C1 was found to bind to MG-21 with high avidity, but not to any of six other mouse mAb. It could completely abro- 
gate the binding of MG-21 to GDS-posilive melanoma cells as well as to purified GD3, and it inhibited the CDC and 
ADCC properties of MG-21 in a dose-dependent fashion. By using mAb 2C1 as a probe, an assay was developed to 
monitor human antibodies to mAb MG-21 in patierrts receiving mAb MG-21 for therapeutic or diagnostic purposes. A 

55 detailed description of each step in this embodiment of the invention is presented in the subsections below. 
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7.1. MATERIALS AND METHODS 
7.1.1 ■ MICE 

5 Eight to twelve week-old BALB/c female mice were purchased from the Animal Facilities of the Fred Hutchinson 
Cancer Research Center (Seattle, WA). 

7. 1.2. TARGET CELLS 

10 Human melanoma cell line M-2669 clone 13 was used; lor simplicity, it is refen^ed to here as M-266g. ft had been 
eGtablished from a metastatic melanoma and cloned (Beaumier, PL, et a!., 1986, J. Nucl. Med. 27:824-828). Cells from 
this clone strongly express the GD3 antigen defined by mAb MG-21 as determined by a binding assay (jdj. The 
melanoma cells were grown in 6% COg in air in RPM1 1 640 culture medium (Qiboo, Grand Island, New Y^rk} containing 
15% heat-lnadivated fetal calf serum (Hyclone Laboratories, Inc., Logan, Utah) buffered with NaHGO^ and supple- 

15 mented with penicillin (100 U/imI), streptornycin (100 mg/ml) and L-glutamine (290 mg/liter). 

7.1 .3. GLYCQLIPID 

GD3 ganglioside antigen was purified from M-2669 done 13 melanoma cells as described (Nudelman, E., et al., 
20 1982, J. Biol. Chem. 257:12752-12756), and was provided by Dr. Sen-itiroh Hakomori at Fred l-lutchinson Cancer 
Research Center (Seattle, WA). 

7.1.4. MONOCLONAL ANTIBODIES 

25 MQ-21 (Hellstrom, I., et al., 1985, Proc. Natl. Acad. Sci. U.S.A. 82:1499-1502} is an IgGS antibody which binds to 
a GD3 ganglioside antigen expressed strongly on about 80-90% of human melanomas (Nudelman, E., et al., 1982, J. 
Biol. Chem. 257:12752-12756; Yeh, M.-Y, 1982, Int. J. Cancer 29:269-275). MG-21 can mediate CDC in the presence 
of human serum and ADCC in the presence of human peripheral blood lymphocytes (PBL), and it can inhibit the out- 
growth of human melanoma xenografts in nude mice (Hellstrom, I., et al., 1985, Proc. Nati. Acad. Sci. U.S.A. 82:1499- 

30 1502). 

mAb 2A-1 4 Is an lgG3 which also binds to the GD3 ganglioside antigen, but to an epitope which by cross-blocking 
experiments appears to be different from that recognized by MG-21 . 

mAb 96.5 is an lgG2a which binds to p97, a melanomanassociated cell surlace glycoprotein (Brown, J. P., et al., 
1981. J. Immunol. 127:539-546). 
3s mAb IJ6 is an lgG2a which binds to a carbohydrate antigen expressed strongly on cells from most human carcino- 
mas but not melanomas (Hellstrom, I., et al., 1986, Cancer Res. 46:3917-3923). 

mAb L20 is in IgGI which identifies a 1 10 kd protein expressed on the surface of cells from most human carcino- 
mas but not melanomas (jd.). 

mAb 7T1.1 is an lgQ3 immunoglobulin specific for blood group A antigen strongly expressed on many human car- 
40 cinomas. 

mAb 1G3.10 is an lgG3 antibody specific for blood group A-like antigen also expressed on many human carcino- 
mas. 

mAb 26.8, which was used as an Ab2 control. Is an lgG1 which binds to an idlotcpe on mAb 96.5 specific for the 
p97 melanoma antigen. mAb 26.8 can inhibit the binding of mAb 96.5 to p97. 
45 PI .1 7 is an lgG2a mouse myeloma protein which was obtained from the American Type Culture Collection (ATCC 
Accession No. TIB 10). 

Antibodies were purified either from spent culture medium or ascitic fluid by affinity chromatography on protein A- 
8epharose CL-4B as described by Ey et al. (1978, Immunochemlstry 1 5:429-436). 

so 7. 1 .5. COUPLING OF ANTIBODY WITH KEYHOLE LIMPET HEMQCYANIN 

Antibody MG-21 was coupled to keyhole limpet hemocyanin (KLH) by chemical cross-linking in the presence of glu- 
taraldehyde according to Ihe procedures of Bona et al. (1979, J. Exp. Med. 149:815^823). In brief, 1 ml of mAb MG-21 
solution (3.6 mg/ml) was mixed with 1 ml of KLH solution (3 mg/hil) in 0.1 M phosphate buffer, pH 7.5. Coupling was 
55 initiated by the addition of 1 ml of a 0.25% solution of glutaraldehyde (Sigma Chemical, St. Louis, MO). The mixture was 
shaken at room temperature for 1 hour. Tlie reaction was stopped by adding 250 ^ of 1 M glycine. Antibody-KLH con- 
jugate was stored frozen at -20°C before use. 
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7.1.6. PRODUCTION OF MONOCLONAL ANTI- IDIOTYPIC ANTIBODIES fAbg^ SPECIFIC FOR MG-21 fAb1^ 

Two 8-week-old BALB/c female mice were immunized intraperitoneally (i.p.) with 100 jig of MG-21 -KLH conjugate 
in complete Freund's adjuvant. Two weeks later, the same amount of conjugate was given i.p. in incomplete Freund^s 
adjuvant. Another 8 weeks later, the mice were boosted again with conjugate in saline. Four days after the last immu- 
nization, spleens were removed and the harvested cells were fused with NS-1 mouse myeloma cells by use of polyeth- 
ylene glycol. Hybridomas secreting anti-idiotypic antibodies specific for MG-21 were selected, grown in HAT medium, 
and cloned using established procedures (Yeh, M.-Y, et al., 1979, Proc. Natl. Acad. Sci. U.S.A. 76:2927-2931). 

7.1.7. mAb (Abl^ BINDING INHIBITION ASSAY 

Enzyme-linked immunosorbent assays (ELISAs) of antibody binding were used for the initial screening of hybrido- 
mas secreting anti-idiotypic antibodies. In this assay, hybridoma culture supernatants were tested for inhibition of bind- 
ing of MG-21 ("Abl") to M-2669 cells, as evidence for the presence of anti-idiotypic antibodies ("Ab2"). M-266g 
melanoma cells, seeded into polyvinyl chloride plates (10^ cellsAwell) and fixed with 0.5% glutaraldehyde, were used as 
targets. One hundred ul of mAb MG-21 (5 ^g/iml) were mixed with equal volumes of hybridoma supernatants, incubated 
at 4^0 for 2-4 hours, and then added to the target cells. After another incubation for 1 hour at 37^0, the plates were 
washed three times with 0.05% Tween-20 in PBS (PBS-Tween buffier). The cells were then incubated with 100 ul of goat 
anti-nmuse IgG antibody-peroxidase conjugate (Boehringer Mannheim Biochemicals, Indianapolis, IN) diluted 1/10,000 
in PBS-Tween buffer at 37**C for 30 minutes, and washed again. One hundred ul of o-phenylenediamine (OPD) contain- 
ing 0.015% H2O2 in citrate phosphate, pH 5.0, were dispensed in each well as substrate for peroxidase. About 3^ min- 
utes later, 100 ul of 1.3 N H2SO4 were added for blocking the enzyme-substrate reaction. Abeorbance was measured 
at 492 nm/630 nm dual wavelength for each well in a GSC microplate reader (Genetic System Corp., Seattle, WA). 

To investigate the dose-deperKlency of the inhibitory effect of anti-idiotypic antibody (Ab2) on the binding of MG-21 
(Abl) to cells and GD3 antigen, 100 ul of a fixed concentration (5 ^ml} of MG-21 were mixed with 100 ul of various 
concentrations of appropriate anti-idiotypic or control antibodies, incubated at 37^0 for 1 hour, and then added to wells 
precoated with M-2669 cells (lO^Aweil) or purified GD3 antigen (200 ng/50 iil/well). The remaining procedures were the 
same as those above. 

7.1.8. DETERMINATION OF IMMUNOGLOBULIN ISOTYPE 

Goat antisera to the specific class of mouse immunoglobulin were used (Southern Biotechnology Assoc., Birming- 
ham, AL). Fifty ^1 of each such anti-serum was diluted in PB8 (1 ^l/ml), plated into 96-well plates (Dynatech, Alexandria, 
VA), and incubated overnight at 4^0. The plates were washed once with PBS-Tween buffer, and then incubated for 1 
hour at room temperature with 1 00 jil per well of RPM1 1640 medium containing 1 5% fetal calf serum (FCS). After wash- 
ing, 50 ^lI of hybridoma spent culture medium were added, follcwed by incubation of the plates at room temperature for 
1 hour and one washing with PBS-Tween buffer. Subsequently, 50 m1 of goat anti-mouse IgG antibody conjugate diluted 
1/10,000 in PBS-Tween buffer were added to each well. The plates were incLi)ated for 30 minutes at 37^0 and washed 
five times with PBS-Tween buffer, after which 100 jil of OPD substrate were added to each well. Five minutes later, the 
reaction was stopped by adding 100 ^ of 1 .3 N I-I2SO4, and the absorbance was measured in a GSC microplate reader. 

7.1.9. ANTI-IDIOTYPIC ANTIBQPy fAb2^ BINDING ASSAY 

A binding assay was used to determine whether the ability of Ab2 to inhibit the binding of MG-21 (Ab1) was specific. 
Purified M3-21 at 0.5 p.g/100 pJ was added to coat each well of 96-well polyvinyl chloride plates (Costar, Cambridge, 
MA), after which 200 }il per well of RPM1 1640 medium containing 15% FCS was added as a l)lockBr" to prevent anti- 
body binding to plastic. After washing, 100 ^ of purified At32 or control immunoglobulin PI. 17 were added at various 
concentrations. The plates were incubated at 37°C for 30 minutes, and then washed three times with PBS-Tween buffer. 
One hundred of peroxidase-conjugated rabbit anti-mouse IgG which had the same isotype as the Ab2 were then 
added after dilution in PBS-Tween buffer. After incubation for 30 minutes at 37^C, followed by extensive washing, 100 
^1 of OPD substrate were added and incubated for 3-5 minutes in the dark. Finally, 100 ^1 of 1 .3 N H2SO4 were added. 
Tlie plates were read by a GSC microplate reader. 

7.1.10. RADIOIQDINATION OF ANTIBODY AND DIRECT J^l-Ab2 BINDING ASSAY 

One hundred jil of purified mAb were incubated with 500 uCi Na^^^l (Amersham Corporation, Arlington Heights, IL) 
and 40 ug of chloramlne-T In 500 of PBS at for three minutes. Labeled mAb was separated from free ''^^1 by gel 
filtration on a column of Sephadex G-25; the specific activity was approximately 4x10^ cpm/^ig. The labeled mAb was 
diluted in 15% FCS in PBS before use. 
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For a direct ''^^I-Ab2 binding assay, 100 ^1 of various purified mAb (50 iigM) in 15 mM NaHCOs at pH 9 were 
plated into 96-weii plates (Dynatecii, Alexandria, VA) at 4°C overnight. After wasiiing, Hie wells were blocked by incu- 
bation overnight at 4^C witfi 200 ^il of RPM1 1640 medium containing 15% FC8. The plates were washed three times 
with PBS-Tween buffer, and 2.5 x 10^ cpm of labeled Ab2 in 100 ^1 of 30% PCS were added to each well and incubated 
at room temperature for 1 hour. After thorough washing, the bound radioactivity was dissolved in 100 of 2 M NaOIH, 
transferred to test tubes, and counted in a Gamma counter (Beckman, Irvine, CA). 

7.1. 11. ANTIBODY-FITC CONJUGATION 

Fluorescein isothlocyanate (FITC) was conjugated to mAb MG-21 as described by Goding (Goding, J.W., 1976, J. 
Immunol. Methods 13:215-226). Briefly, 2 mg of purified MG-21 was dialyzed overnight in 0.2 M carbonateAsicarbonate 
buffer, pH 9.5. FITC (Molecular Probes Inc., Junction City, OR) dissolved in dimethyl sulfoxide (1 mg/ml) was added at 
a ratio of 40 m PITC/mg of antibody Tlie mixture was incubated at Z7°C for 45 minutes, after which conjugated mAb 
was separated from free FITC by passage through a G-25 8ephadex oolumn equilibrated with PBS containing 0.1% 
NaN3. The f luorescein/antibody conjugation ratio was about 3.5 to 4.0. The conjugated mAb was stored at -20''C in PBS 
containing 1% bovine serum albumin (BSA). 

7.1.12. FLUORESCENCE ACTIVATED CELL SOFTTER ANALYSIS 

For binding inhibition analysis using a fluorescence activated cell sorter (FACS), 100 ul of FITC^onjugated MG-21 
were incubated for 30 minutes at 37^0 with 100 ^.1 of various concentrations of purified Al32 or control antitxx:iies in 10% 
normal mouse serum. The antibody mixtures were then added to test tubes containing 1x10^ paraformaldehyde-flxed 
M-2669 cells in 100 jil of PBS. After 30 minutes of incubation, the cells were washed two times with PBS, and tiien ana- 
lyzed with a Coulter Epics C fluorescence activated cell sorter (Coulter Corporation, Hialeah, PL). Data were expressed 
as linear fluorescent equivalence (LFE), which represents relative fluorescent intensity 

7.1.13. COMPLEMENT-DEPENDENT CYTOTOXICITY ASSAY 

To test whether Ab2 specific for MG-21 can inhibit complement-dependent cytotoxicity (CDC) of mAb MG-21 , a 4- 
hour ^^Cr-release assay (Hellstrom, I., et al., 1985, Proc. Natl. Acad. Sci. U.S.A. 82:1499-1502) was used. Briefly, 10^ 
target cells were labeled with 100 ^.d of ^^Cr for 2 hours at 37°C. After labelling, the cells were washed three times, 
resuspended in RPM1 1640 medium containing 15% PCS, and 20,000 labeled cells, suspended in 45 jil of RPM1 1640 
medium, and seeded Into each well of Microtiter V-bottom plates (Dynatech Laboratories, Alexandria, VA). Various con- 
centrations of purified MG-21 were combined with different concentrations of purified Ab2 (or control mAb) to test for 
inhibition of CDC. They were added in 90 \i\ per well, followed by 65 mI of undiluted unheated human serum per well. 
After incubation for 4 hours at 37*^0, the plates were centrifuged at 400 x g. 1 00 ^1 of supernatants from each well were 
removed, and the level of radioactivity was determined by a Gamma counter (Beckman, Irvine, CA). Spontaneous 
release was defined as the cpm released into the medium from target cells which had not been exposed to antibody or 
complement, and total release was estimated as the cpm released from target cells that were osmotically lysed. Percent 
cytotoxicity was calculated by tiie following formula: 

Percent cylotoxicHy = B«Pglmeritel retea^ - Spontaneotis release ^ 
' ' Total release - Spontaneous release 



7.1.14. ANTIBODY-DEPENDENT CELLULAR CYTOTOXICITY ASSAY 

To test whether Ab2 can Inhibit the antibody-dependent cellular cytotcKlcity (ADCC) of mAb MG-21, a 4-hour 
release assay was employed. PBL from healthy human subjects were used as effector cells. They were separated on 
Ficoll-Hypaque and prescreened for low natural killer (Nl^ cell activity. Only lymphocytes with low NK activity (less than 
10% ^icr-release over four hours) were used. After labeling of the target cells, they were plated (2x10"^ celis/50 |il} into 
Microtiter plates as for the CDC assay Fifty v\ of purified MG-21 and 50 ^ of purified Ab2 (or control) mAb were added 
at various concentrations, followed by 2 x 10^ lymphocytes per well in 50 of medium; the ratio of lymphocytes to target 
cells was 100:1. Tlie mixtures were incubated for 4 hours at 37°C in a 6% CO2 in air atmosphere. Subsequently, the 
plates were centrifuged, and 100 pi of supernatants were transferred from each well for radioactivity measurement. Per- 
cent cytotoxicity was calculated as for the CDC assay 
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7.1.15. COMPETITION ASSAY FOR DETECTING ANTI-MG-21 ANTIBODIES IN PATIENT SERA 

A compelTtion assay using monoclonal anti -idiotypic antibody (Ab2) as a probe was developed for detecting anti- 
MG-21 antibodies in the sera of patients treated with mAb MG-21. Briefly, 100 ^1 of Ab2 (5 jig/ml) in 15 mM NaHCO^ 

5 buffer, pH 9, were added to each well of Falcon pro-bind assay plates (Beclon Dickinson, Oxnard, OA), Incubated at 
room temperature for 1 hour, and subsequently washed with PBS-Tween buffer. Seventy-five mJ of mAb MQ-21 (1 \ig/m\) 
were preincubated for 45 minutes with equal volumes of sera from a patient or with pooled normal human serum; the 
sera were diluted 1 :2.5p 1 :5 and 1 :10 in PBS. Subsequently, 100 ^ of the mixtures were added to the Ab2-precoated 
plates. After an additional incubation for 30 minutes at room temperature, the plates were washed twice with PBS- 

10 Tween buffer. One hundred jil of ralabit anti-mouse lgG3 antilaody-peroxidase oonjugate (Zymed Latx)ratorles Inc., 
Soutfi San Francisco, OA), diluted 1 :1 ,000 in PBS-Tween buffer, were added and incubated for 30 minutes at room tem- 
perature. After three washes with PBS-Tween buffer, the wells were filled with 100 ^ of OPD substrate containing 
0.015% HgOg in citrate phosphate, pH 5.0. Five minutes later, 100 ^ of 1 .3 N HgS04 were added, and the plates were 
read by a G8C microplate reader. Percentage of Inhibition of MG-21 binding to mAb 201 was calculated by the following 

15 formula: 

Percent inhibition = (1- OP i" the presence of patient serum 

^ OD in the presence of normal human serum ' 

20 

Serum samples from three of eight patients with advanced melanoma, which were enrolled in a phase I trial of mAb 
MG-21 , were tested by this assay. Briefly, MG-21 in 5% human serum albumin had been Infused to these patients ever 
a 4-6 hour time period with the infusions being repeated daily for 7 days. The serum samples were taken prior to treat- 
ment and at various intervals after, and were stored at -80'='C until analysis. 

25 

7.2. RESULTS 

7.2.1. SELECTION OF HYBRIDOMAS 

30 Spleen cells from mice immunized with MQ-21 were fused with NS-1 cells to generate hybridomas which could pro- 
duce mAb to idiotypic determinants on MG-21 ; the latter mAb are referred to as Ab2. Two weeks after fusion, fiybrKloma 
supernatants were tested for antibodies inhibiting the binding of MG-21 to M-2669 cells. One hybridoma, 201 , which 
had such activity, was cloned and expanded. As shown in Figure 7, supernatant of the 201 hybridoma strongly inhibited 
the binding of MG-21 to M-2669 cells but did not itself bind to M-2669 cells. Supernatant from the NS-1 myeloma was 

35 used as a control and did not inhibit Hie binding of MG-21 . 

Hybridoma 201 grew as an ascites tumor, when inoculated intraperitoneally into pristane-primed BALB/c mice. 
mAb 201 was found to be an lgQ2a by solid phase enzyme immunoassay with goat anti-mouse Ig specific class antis- 



As shown in Figure 8, mAb 201 gave strong binding to MG-21 when tested in an ELISA at concentrations between 
40 0.08 jjg/ml and 2 jig/ml with significant binding still being observed at 6.4 ng/hil. No binding was seen to PI. 17, an 
lgG2a myeloma protein (Fig. 8). 

7.2.2. mAb 201 IS SPEOIFIC FOR MG-21 

45 To determine the degree of specificity of 201 for MG-21 , a binding assay was performed using ''^^l-labeled 201 . 
Six mouse mAbs, which had been generated against a variety of human tunmrs, were included as controls. As shown 
in Figure 9, mAb 201 bound strongly to MG-21 but not to any of itie six control mAbs, two of which (2A-14 and 96.5) 
were specific for melanoma-assodated antigens that were different from the epitope recognized lay MG-21 . Of these 
two mAb, 2A-14 reacts with an epitope of the GD3 antigen which is different from that recognized by MG-21. 

50 

7.2.3. mAb 201 (Ab2) INHIBITS THE BINDING OF MG-21 (Abl) TO M-2669 CELLS AND GD3 ANTIGEN IN A DOSE- 
DEPENDENT MANNER 

A binding assay was used to titrate how much mAb 201 was required as Ab2 to inhibit the binding of MG-21 (Abl) 
55 to M-2669 cells. As shown in Table IX, mAb 201 completely inhibited the binding of MG-21 to M-2669 cells when 
present at a concentration equal to or greater than that of MG-21 ; two control immunoglobulins, mAb 26.8 and PI .17, 
gave no significant inhibition. 
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TABLE IX 



DOSE-DEPENDENT INHIBITORY EFFECT OF mAb 2C1 ON 
THE BINDING OF mAb MG-21 TO M-266g CELLS 


Antibody 1 concen- 
tration 


Antibody 2 concentration 


Abeoiiaance at 

492/630 nm 


MU-21 (2.5 jiQ/ml; 


None 


0.324 ± 0.015 


MG-21 (2.5 }ig/ml} 


mAb 2C 1 (1 0 \igm\) 


0.071 ± 0.029 


MG-21 (2.5 jig/ml) 


mAb2C1 (5 Jig/ml) 


0.043 + 0.026 


MG-21 (2.5 jig/rni; 


mAb 2d (2.5 Jig/ml) 


A AEA I A AAA'* 

0.053 ± 0.002* 


Mui-21 (2.5 }ig/mlj 


mAD 2U1 (1 .25 pg/ml} 


A -1 on JL A AH A** 

0.129 ± 0.019 


MG-21 (2.5 Jig/ml; 


mAb 2C1 (0.625 ^9/ml) 


A H I A AAA-** 

0.156 ± 0.023 


MG-21 (2.5 }iQ/ml; 


mAD 2o.o (10 ^g/mlj 


A QAC 1 A r\f\~7 

0.305 ± 0.007 


MG-21 (2.5 jig/ml; 


mAb 26.8 (5 Jig/ml) 


A AAA 1 A AAC 

0.329 + 0.035 








MG-21 (2.5 }ig/ml} 


mAb 26.8 (1 .25 M^/ml} 


0.337 ± 0.035 


MG-21 (2.5 ^ml) 


mAb 26.8 (0.625 jiQ/hil) 


0.330 ± 0.036 


MG-21 (2.5 ^ml) 


P1.17(10Mfl/ml) 


0.322 ± 0.049 


MG-21 (2.5 ^ml) 


P1.17(5Mg/ml) 


0.368 + 0.019 


MG-21 (2.5 iig/ml} 


P1.17(2.5^gAnl} 


0.331 ±0.019 


MQ-21 (2.5 M/ml) 


P1.17(1.25ng/ml) 


0.318 ±0.035 


MG-21 (2.5 ^ml) 


P1 17(0 625ng^ml 


0.318 + 0.031 



^Data are pnesented as mean ± SE. 
^ortrol 

Differences statistically significant from control without Ab2, 
*, P less than 0.01; 
*^ P less tlian 0.025. 



In a parallel study, purified GD3p which is the antigen recognized by MG-21 , was used instead of M-2669 cells. mAb 
2C1 inhibited the binding of MG-21 to the purified GD3 ganglioeide in a doee-dependent manner (Table )Q. 
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lABLEX 



DOSE-DEPENDENT INHIBITORY EFFECT OF mAb 201 ON 


THE BINDING OF mAb MG-21 TO GD3 GANGLIOSIDE ANTIGEN 


Antibody 1 concen- 


Antibody 2 concentra- 


Absorbance at 


tration 


tlon 


490 nmroSO nm 






n A.&R + 0 099^ 


MG-21 (2.5 ^ml) 


mAb 201 (25 pg/hiO 


0.085 ± 0.006* 


MG-21 (2.5 ^ml) 


mAb2C1 (12.5^ml} 


0.073 ±0.010* 


MQ-21 (2.5 MQ/ml) 


mAb 201 (6.25 Md/mi) 


0.075 ± 0.008* 


MG-21 (2.5 }ig/ml} 


mAb 201 (3.125 pg/ml) 


0.379 ± 0.009 


MG-21 (2.5 M/ml) 


mAb 201 (1 .563 ^ml) 


0.502 ± 0.075 


MG-21 (2.5 ^ml) 


mAb 201 (0.782 |ig/ml) 


0.482 ± 0.033 


MG-21 (2.5 jig/ml) 


mAb 2C1 (0.391 ^ml) 


0.533 ± 0.078 



^Data are presented as mean ± SE. 
^Control 

Differences statistically significant ftrom control without Ai32, 
*, P less tlian 0.01. 



The inhibitory effect of mAb 201 on the binding of MG-21 to M-2669 cells was confirmed by FAOS analysis using 
FITC -conjugated MG-21 . Starting with 40 ^ig/ml of FITC-conjugated MG-21 , which approximately corresponded to the 
saturation concentration, excess amounts of mAb 201 or control antibodies were added to M-2669 cells. Figure 10 
shows that 201 completely inhibited Hie binding of FITC-conjugated MG-21 to Hie tumor cells, while control antibodies 
had no effect. 

7.2.4. ANTIBODY 201 INHIBITS THE CDC AND ADCC ACTIVITY OF MG-21 AGAINST M-26e9 CELLS 

Previous experiments have shown that MG-21 gives strong ODC and ADOC with GD3-positive melanoma cells 
(Hellstrom, I., et al.. 1935, Proc. Natl. Acad. Sci. U.S.A. 82:1499-1502). We now tested whether 201 had any effect on 
these activities. As shown in Table XI, CDC of MG-21 was completely abrogated by adding mAb 201 at a concentration 
greater than that of MG-21 , but not by adding either of two control antibodies, mAb 26.8 or PI .1 7. 
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TABLE XI 



INHIBITION OF CDC OF mAb MQ-21 AGAINST M-2669 

CELLS BY mAb 2C1 


Antibody 1 Final 
uonceniraEion 


Antibody 2 Final Con- 
cdnifiaiion 


Cytotoxicity^ % 


MU-21 (5 \XQftX\\) 


None 


1 00 (uontnoij 


lvlu-21 (5 p^ml} 


mAD 201 (1 0 ^g/ml) 


2 


■.j,^^ /c _-_ f_i.-.i\ 

MG-21 (5 |ig/ml; 


■u, A In, I A - f nil 

mAD2G1 (1 jig/ml; 


84 


MU-21 (o mQ/TII) 


niAD2U1 (0.1 JJig/mi) 


100 


lvlui-21 (5 p^mij 


mAD 2o.o (1 0 ^g/ml) 


4 An 

100 


MU-21 (o \iQf(n\) 


mAD 2d.8 (1 jiQ/mi; 


H AA 

100 


IvKji-21 \P iJ^/ml} 


rl .17 110 fj^mlj 


100 


MU-21 (5 ^Q/mi; 


Pi .17 (i Jig/mi) 


4 AA 

100 


M iin/mh 
iviui & 1 ^1 fiy/iiiij 






MG-21 (1 pg/ml) 


mAb2C1 (lOM^g^l) 


1* 


MG-21 (1 ixg/ml) 


mAb2C1 (1 M/ml} 


0* 


MG-21 (1 \iQ/m\) 


mAb2C1 (0.1 pg/hil) 


56 


MG-21 (1 MS/ml) 


mAb 26.8 {\0\igM) 


69 


MG-21 (1 Mg/ml) 


mAb 26.8 (1 }ig/ml} 


60 


MG-21 (1 ^ml) 


P1.17(10ng/ml) 


67 


MG-21 (1 ng/ml) 


PI. 17(1 tig/ml) 


69 



^Cytotoxicity was determined in a 4- hour °^Cr-re lease assay 
using normal human serum as a source of complement. No 
cytotoxicity was seen with human serum alone. Antibodies 
alone did not give any cytotOKicity. SignlFlcanoe was deter- 
mined by student's t-tesi and is indicated by P less than 
0.01. 



Antibody 2C1 also completely inhibited the ADCC activity of MG-21 against M-2669 cells when its concentration was 
greater than that of MG-21 , while no significant inhibition was seen with the two control antibodies (Table XII). 
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TABLE XII 



5 


INHIBITION OF ADCC OF mAb MQ-21 AGAINST M-2669 

CELL8 BY mAb 2C1 




Antibody 1 Final 
uonoemraiion 


Antibody 2 Final Con- 
csmranon 


Cytotoxicity^ % 




MU-21 (5 JJO/nll) 


None 


40 (Control; 


10 


lvlui-21 (5 pg/ml} 


mAD 2U1 110 ^ig/mlj 


4 




MU-21 (5 jjg/ml) 


mAb 2U1 (1 |l9/ml) 


16 




M(jl-21 (5 jig/ml) 


mAD 2C1 (0-1 fiQ/mi; 


33 


IS 


lviui-21 (5 pg/ml) 


mAD 26.0 (10 }i9/mij 


44 




MQ-2i (5 jig/ml) 


mAD 26.8 (1 ^9/ml) 


40 




lvlui-21 (5 jjQmll; 


r1.17 (10 pQ/mlj 


Oil 

34 




MU-21 (5 jJO/rnl] 


PI. 17 (1 


39 


20 


M 1 in Ann 


Mnno 






MG-21 (1 pgAnl) 


mAb 2C1 (10 ^ml) 


7* 




MQ-21 (1 jjg/hil) 


mAb 2C1 (1 lig/hil) 


3* 


25 


MG-21 (1 iigAnI) 


mAb2C1 (0.1 Mg/mi) 


16* 




MG-21 (1 ^igMiO 


mAb 26.8 (10 ^ml) 


26 




MG-21 (1 pg/hnl) 


mAb 26.8 (1 ^gAnO 


23 


30 


MG-21 (1 po/hil) 


PI. 17 (10 ^mO 


28 


MG-21 (1 ^ml) 


P1.17{1 ng/ml) 


23 



'Cytotoxicity was determined in a 4^hour °'Cr-release assay 
using normal human per^herai blocd lymphocytes as effec- 
tors. The ratio of effector cells to target cells was 1 00:1 . Anii- 
ss bodies alone gave no cytotoxicity and lymptiocytes alone gave 

6.9% cytotoxicity. Significant differences compared to control 
without Ab2 were calculated by student's t-test, *, P less than 
0.01. 

40 

7.2.5. DETECTION OF ANTI-MG-21 ANTIBODIES IN PATIENT SERA USING mAb 2C1 AS A PROBE 

Since mAb 201 is specific for MG-21 , it can be used as a reagent for detecting human anti-MG-21 antibodies in the 
48 sera of j^atients treated with MG-21. A competition assay was developed (see Section 7.1 .15., supra) , by which we 
tested whether sera from any of 3 patients injected with MG-21 inhibited the binding of MG-21 to mAb 201. As shown 
in Table XIII, sera obtained from all these three patients 1 7, 1 8 or 21 days, respectively, (or later) after administration of 
MG-21 , strongly Inhibited the binding of MG-21 to mAb 201 with 20-83%. TTie pretreatment sera gave less than 13% 
inhibition as compared to pooled normal human serum. 

so 



SB 
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TABLE XIII 



INHIBITION OF BINDING OF mAb MG-21 TO mAb 2C1 BY SERA FROM 

PATIENTS RECEIVING mAb MG-21 


Patient No. 


Do6eofMG-21Aclay 
for 7 Days 


Days After Start of 
mAD TreatmeiTt 


% Inhibition of Binding 








1 :2.5** 


1:5 


1:10 


1 


5 mg/M'^Ajay 


0 


0 


0 


0 






14 


58 


53 


33 






18 


60 


58 


43 






24 


65 


62 


47 






28 


83 


87 


85 


2 


5 mg/M'^Ajay 


0 


10 


12 


0 






A d 

21 


55 


46 


31 






28 


53 


32 


25 








62 


46 


20 






61 


59 


32 


27 


3 


50 mg/M^/day 


0 


6 


13 


2 






18 


28 


21 


20 






28 


30 


30 


26 






45 


45 


31 


15 






66 


77 


60 


45 






127 


73 


50 


43 



*Patient received 4^6 hour infusion of MG-21 daily for 7 days in dose noted. Serum 
samples were drawn at various times after the start of treatment. 
**SerLim samples were diluted 1 :2.5, 1 :5 and 1 :10 in PBS. 



Tlie anti-idiotypic mAb antibody 2C1 , which we describe here, recognizes an idiotype specific to a liuman 
melanoma-associated GD3 ganglioside antigen. mAb 2C1 was shewn to bind to mAb MG-21 even at a low concentra- 
tion (0.08 ixg/ml), but not to other mAb of the same or different isotypes. It inhibitedp in a dose-dependent manner, the 
binding of MG-21 to the GD3 ganglioside antigen as well as to GD3-positive M-2669 melanoma cells. Furthermore, 
mAb 2C1 oompletely abrogated the CDC and ADCC activities of mAb MG-21 , as long as its concentration was greater 
than that of MG-21. 

Using mAb 2C1 as a probe, we have developed an assay for human anti-MG-21 antibodies in the sera of jaatients 
treated with MG-21. Analogous assays may be developed for other types of anti-tunfwr antibodies. Since human anti- 
bodies binding to MG-21 were present at short times (14-21 days) after treatment of patients with MG-21 , unless such 
antibodies are highly effective in inducing an immune response leading to tumor rejection, procedures minimizing such 
antibody development can be envisioned for use when prolonged treatment of patients by administered anti-tumor anti- 
bodies is desired. 

8. MONOCLONAL ANTI-IDIOTYPIC ANTIBODIES RELATED TO THE P97 MELANOMA ANTIGEN 

We have made monoclonal anti-idiotypic antibodies (Ab2) related to the p97 antigen of human melanoma. This was 
accomplished by immunizing BALB/c mice with 96.5, a monoclonal antibody (mAb) specific for epitope p97^, hybridiz- 
ing the mouse spleen cells with NS-1 myeloma cells, and selecting for hybridomas which made antibody that bound to 
Fab fragments prepared from mAb 96.5 (Fab 96.5). The Ab2 were tested for birxding to mAb 96.5 and to mAb defining 
other epitopes of the p97 antigen, as well as for their ability to inhibit the bindinq between mAb 96.5 and p97. Three 
monoclonal Ab2 were identified which competitively inhibited the binding between |397 and mAb 96.5. When injected 
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into either BALB/c or C3IH/HeN mice, two of them induced Ab3 wliich expressed the same idiotype as mAb 96.5 and 
wtiich were specific for p97. Ttiese two Ab2 thus behaved as "internal images" of p97. 

8.1. i^ATERIALS AND i^ETHQDS 

5 

8.1.1. ANIMALS 

Approximately 6-8 week-old female BALB/c and C3H/HeN mice were used throughout this study. 

10 8.I.2. HUMAN MELANOMA CELLS 

Line SK MEL-28 was used as a source of p97 antigen-positive target cells. Each 8K-MEL 28 cell expresses, at its 
surface, approximately 400,000 molecules of p97. 

15 8. 1 .3. MOUSE MELANOMA CELLS 

Cells from the B16 (C57BL} mouse melanoma, which had been transfected with the p97 gene (Plowman, G.D., 
1 986, Characterization and expression of the melanotransfen-in (p97) gene, Ph.D. dissertation, University of Washing- 
ton) were used to produce soluble p97 antigen. We also employed a line of cells (2A) from the C3H/HeN mouse 
20 melanoma line K-1735-M2 (Fidler, I.J. and Hart, I R., 1981, Cancer Res. 41:3266-3267) which, after transfection with 
the gene for p97, express approximately 1 0^ p97 molecules per cell. The K-1 735-M2 cells, which entirely lack p97, are 
referred to as parental (par) cells, since the 2A line was derived from them. 

8.1.4, ANTIBODIES 

25 

Seven mAb to the human melanoma-associated antigen p97 (Brown, J. P., et al., 1981, J. Immunol. 127:539-546) 
were used in the study. Three epitopes of p97 have been defined by using these mAb in competitive binding inhibition 
assays, namely p97^ (by mAb 96.5 and 4.1), p97b (by mAb 1 18.1 , 133.1, and 133.3), and p97<^ (by mAb 8.2 and 133.2). 
Hybridoma 96.5, which produces a mAb to epitope p97^ was obtained by fusing spleen cells from an immunized 

30 BALB/c mouse with NS-1 myeloma cells (idj- Fab fragments were made from mAb 96.5 by papain digestion and are 
referred to as Fab 96.5 (jdj. mAb F6 is an lgG2a specific for a proteoglycan antigen on human melanoma ceils. It was 
used to prepare Fab fragments (referred to as Fab F6) which were employed as controls. 

In order to raise anti-Id, BALB/c mice were injected subcutaneously with 100 |ig of purified mAb 96.5 which had 
been conjugated with keyhole limpet hemocyanin (KLH), and subsequently mixed with Freund's complete adjuvant 

35 (Bacto IHSTRa, Difoo Labs, Detroit, Ml). One month later, they were injected intraperitoneally with the same amount of 
KLH-oonjugated mAb 96.5 in Freund's incomplete adju\flnt (Difco). The mice were subsequently injected with mAb 
96.5 in saline at 2^eek intervals for 1 or 2 more times. Three days after the last injection, they were killed and a spleen 
cell suspension was prepared and liised with NS-1 mouse myeloma cells, using standard techniques (Kohler, G. and 
lUiilstein, C, 1975, Nature 256:495-497). 

40 

8.1.5. SCREENING OF HYBRIDOMAS 

Primary screening was performed by an ELISA (Kohler, G. and Milstein, C, 1975, Nature 256:495-497). Fab 96.5, 
at a concentration of 4 ^g/ml in phosphate buffered saline (PBS), were plated onto Immunolon plates (Dynatech Labo- 
rs ratories, Chanrtilly VA). The next day, the plates were washed with PBS containing 0.05% Tween 20 and "blocked'' by 
incubation for 1 hour with PBS corrtaining 0.05% Tween and 1% fetal calf serum (FCS). Supernatants (50 pJ) from each 
well with growing hybridoma cells were added. One hour later, a mixture was added, containing goat anti-mouse lgG1 
(Zymed, San Francisco; CA) which had been coupled with horseradish peroxidase (HRP), 0.05% Tween 20, and 1% 
FCS in PBS. After a 1 hour incubation, antibody binding to the plated Fab 96.5 was detected by adding 0-phenylene 
so diamine (OPD) according to the directions of the manufacturer (Zymed). The plates were read in an automatic micro- 
plate reader (Genetic Systems Corporation, Seattie, WA) at an absoit>ance of 492 nnV630 nm. Fab fragments from 
mAb F6 were empicyed as controls, and only those hybridomas which made mAb tiiat bound to Fab 96.5, but not to 
Fab F6, were retained for further testing. The employed screening procedures detected only hybridomas making IgGI 
antibodies. 

SB To further test supernatants for activity, an assay was used in which the supernatants were diluted two-fold, com- 
bined witii one part of mAb 96.5, and added to Immunolon wells onto which Fab 96.5 had been plated. After addition of 
goat anti-mouse IgG and OPD, the ability of the added mAb 96.5 to prevent binding of the supernatants to the plated 
Fab was assessed. This assay was also employed to test anti-Id for binding to mAb defining p97 epitopes other than 
p97^ 
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Hybridomas which made antibodies binding to Fab 96.5 but not to Fab F6 were cloned twice by limiting dilution, 
after which they were expanded and injected into pristane-primed BALQ/c mice for ascites pnoduction. 

8.1.6. STUDIES ON PURIFIED ANTI-ID lOTYPiC ANTIBODIES 

5 

Ab2 were purified by precipitation with saturated ammonium sulliate (Mishell, B. and Shiigi, $., 1979, in Select 
Methods in Cellular Immunology, W.H. Freemen & Co.. pp. 278-281). To identify anti-Id which oould interfere with the 
binding of mAb 96.5 to p97, SK MEL-28 melanoma cells were plated at 10^ cells/well. Purified Ab2 were mixed with 
mAb 96.5 (1 ^ml). Inhibition of binding of mAb 96.5 to the melanoma cells was detected by adding a goat anti-mouse 
10 HRP conjugate as above; a few tests of this type were also performed on hybridoma supernatants. 

To Study whether the purified Ab2 could block the antigen binding site of Fab 96.5, various concentrations of Ab2 
were added to wells of Immundon plates onto which Fab 96.5 had been plated. p97 antigen isolated from transfected 
B16 mouse melanoma cells was radioiodinated (Roee, T.M., et al., 1986, Proc. Natl. Acad. Sci. U.S.A. 83:1261-1265), 
2x10^ cpm of labelled p97 were added, and the number of oounts bound per well was determined. 

15 

8.1.7. COMPETITION OF RADIOLABELLED P97 FOR BINDING TO Fab FRAGMENTS OF mAb 96.5 

Various concentrations of purified Ab2 were mixed with a constant amount of ^^^l-labelled p97 antigen, and the 
mixtures were added to plates which had been coated with Fab 96.5. After one hour, the plates were washed, 2 N 
20 NaOH was added, and the contents of the wells were counted in a gamma counter. 

8.1.8. SEARCHES FOR AB3 IN VIVO 

BALB/c arKi C3H/HeN female mice, 6-8 weeks old, were injected intraperitoneally (i.pi) with 50 pg of Ab2 conju- 
25 gated to KLH and mixed wilfi complete adjuvant. Five days later, they were boosted by an injection of Ab2 in incomplete 
adjuvant and subsequently injected with Ab2 in saline at 5-day intervals. After a total of 4 and 6 immunizations, respec- 
tively, the mice were bled. Tliey continued to be boosted at 2-week intervals for several weeks. In some cases, the 
immunization protocol was initiated at 2-week intervals with 4-5 boosts. 

Sera from the immunized mice were titered for the presence of antibodies binding to Ab2 and referred to as Ab3. 
30 This was done by mixing diluted sera with Ab2, and adding the mixture onto Immunolon plates which had been coated 
with Fab 96.5 (as Abl), after which goat anti-mouse lgG1 -HRP and CRD were added. Data were expressed as percent 
inhibition of the binding of Ab2 to Abl . They were calculated by determining the O.D. (optical density) value for (Ab3 + 
Ab2}, dividing it by the O.D. value for Ab2 alone, and subtracting the quotient from 100. 

The sera were also tested for Ab3 binding to the p97 antigen. Purified p97 was plated onto Immunolon plates at 5 
3s ug/hil in PBS and left overnight. After blocking, diluted sera were added, followed by a goat antiserum to mouse immu- 
noglobulin which reacted with IgG, IgM, and IgA, and was coupled to HRP. 

A solid phase inhibition assay was also employed, in which the mouse sera were mixed with 2A mouse melanoma 
cells which express p97 at the cell surface, or with par mouse melanoma cells, which do not. The mixture was first incu- 
bated for 1 hour and then added to Immunolon plates coated witii the p97 antigen. As above, binding was detected by 
40 adding OPD in the presences of anti-mouse-HRP conjugates. 

8.2. RESULTS 

8.2. 1 . GENERATION OF Ab2 BINDING TO IDIOTYPIC DETERMINANTS ON mAb 96.5 

45 

BALB/c mice were immunized with mAb 96.5, their spleen cells fused, and hybridoma supernatants screened for 
IgQI antibodies to mAb 96.5, as described supra. Approximately 3,000 hybridomas were obtained from 8 different 
fusions. Supernatants from 70 of these hybridomas were found to bind to Fab 96.5 and not to the oontrd Fab F6; nmst 
of the hybridomas from which they were derived, therefore, were presumed to make Ab2. Seven of these hybridomas 
so were cloned, and the mAb which they made were purified and tested for binding to Fab 96.5. As shown in Figure 1 1 , 
mAb made by all tiie seven hybridomas bound to Fab 96.5, although there was variation between Ab2 in tiie binding 
values observed at high antibody concentration. None of the mAb bound to Fab F6. 

8.2.2. TESTS ON Ab2 SPECIFICITY FOR THE ANTIGEN-BINDING SITE OF mAb 96.5 

55 

We investigated whether any of the seven Ab2 on which data are presented in Figure 1 1 identified the antigen-bind- 
ing site of mAb 96.5. First, we measured the ability of the mAb to inhibit the binding of mAb 96.5 to the p97 antigen 
expressed by SK MEL-28 cells; this was earned out as described in Section 8.1 .6. Three of the seven Ab2, #3, #5 and 
#7, strongly inhibited this binding, while two Ab2 (#4 and #6) gave a weak inhibition, and two Ab2 (#1 and #2) gave no 



39 



EP0 759 442 A1 



inhibition (Fig. 12}. 

Second, we stixjied the ability of ttie seven Ab2 to compete wHti solulsle p97 for binding to mAb 96.5. Various dilu- 
tions of each Ab2 were mixed with radioiodinated p97, and the binding of p97 to Fab 96.5 was determined in a solid 
phase assay (Fig. 13). Anti-Id #3, #6, and #7 competed with radioiodinated p97 while the four other anti-Id (#1, #2, #4, 
5 #6} did not compete. The results were thus similar to those presented In Figure 12. 

Third, we demonstrated that the same three Ab2 with the ability to compete with p97, namely #3, #5, and #7, can 
block the antigen-birxding sites of Fab 96.5 so as to decrease 50-60% of the birx:ling of radioiodinated p97 to Fab 96.5 
(Fig. 14). One Ab2, #2, gave 2S% inhibition of this binding, and the remaining three Ab2 (#1, #4, #6} gave 0-10% inhi- 
bition. 

10 The data thus suggested that three Ab2, #3, #5. and #7, were capable of mimicking the p97^ epitope as an "internal 
image". However, the possibility still existed that steric hindrance was responsible for the observed effects. We therefore 
tested the ability of the Ab2 to induce an Ab3 response in vivo, as described in 8ection 8.2.4, infra. 

8.2.3. ANALYSIS OF THE BINDING OF Ah2 TO A SERIES OF mAb WHICH SPECIFY p97 EPITOPES OTHER THAN 
15 p97^ 

Seven mAb to p97 were selected for study. Acoording to assays measuring competitive inhibition of mAb binding to 
p97-positive ceils, the seven mAb identify three different epitopes on the p97 antigen (Brown, J.R, et al., 1981 , J. Immu- 
nol. 127:53-546). namely p97^ (mAb 4.1 and mAb 96.5). (mAb 1 18.1 . mAb 133.1 . mAb 133.3. and mAb 8.2) and 
20 p97^ (mAb 133.2). mAb 133.3 is an lgQ2b, mAb 4.1 and 8.2 are IgGI, and the other mAb are lgQ2a, except 4.1 and 
8.2 which are lgQ21 . 

In the experiment presented in Figure 15, each of the 5 lgG2a mAb were mixed with the Ab2 to be tested, and 
added to plates coated with Fab 96.5, followed by addition of goat anti-mouse igGl-HRP to detect the binding of the 
respective Ab2 to Fab 96.5. As shown in Figure 15. mAb 133.3 inhibited the binding of six of the tested Ab2 (#1 . #4, 

25 #5, #6, and #7) to Fab 96.5 (Fig. 13); the inhibition was of approximately the same degree as that seen with mAb 96.5. 
The binding of #2, which like the other Ab2 had been selected for binding to mAb 96.5, was not inhibited. mAb 1 1 8. 1 , 
1 33.1 , and 1 33.2 did not inhibit the binding of any of the tested Ab2. 

A different assay was used to analyze the degree of binding between the Ab2 and various antii397 mAb of the IgGI 
isotype. and the effect of any such binding upon the subsequent binding of radiolabelled p97 by the anti-p97 mAbi The 

30 two IgGI anti-p97 mAb, 4. 1 and 8.2, were tested, as was mAb 96.5. Each Ab2 was plated, various concentrations of 
mAb 8.2, mAb 4. 1 , or mAb 96.5 were added, and the binding of the anti-p97 mAb to radioiodinated p97 was measured 
(Fig. 16). Three Ab2, #3, #5. and #7. interfered with the binding of mAb 96.5 to p97 (in agreement with the results 
described in Section 8.2.2, supra) , while four other Ab2. #1 . #2. #4. and #6. did not interfere. None of the Ab2 bound to 
mAb 8.2 or mAb 4.1 . The experiment was repeated, testing mAb 133.1 and mAb 133.3 in parallel with mAb 96.5, since 

35 the data presented in Figure 15 showed that mAb 133.3 (but not 133.1) could bind to Ab2. Figure 17 shows that all of 
the seven Ab2 tested bound to both mAb 96.5 and 133.3. In contrast, none of the Ab2 bourx:! to mAb 1 33.1 . 

An assay was performed which demonstrated that six of the Ab2 (with tiie exception of #2) prevented mAb 133.3 
from binding to SK MEL-28 melanoma cells. In addition, none of the Ab2 could inhibit mAb 4.1 or 8.2 from binding to 
SK MEL-28 cells. None of tiie seven Ab2 bound to Pi .1 7, an lgG2a myeloma protein, or to the two mAb used as con- 

40 trols, L6 (an lgG2a anti^arcinoma antibody) or MPG24 (an lgG2a antibody to a melanoma-associated proteoglycan), 
or to a goat antiserum to mouse lgG2b (Table XIV). 
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TABLE XIV 



5 



10 



mAb 96.5 INHIBITS THE BINDING OF SOME Ab2 TO Fab 96.5* 


Ab2 Number 


Inhibitor 




PBS 


96.5 


p1.17 


MPG24 


L6 


Goat Arvti- 
Mouse lgG2b 


#1 


0.961 


0.125 


0.941 


0.993 


0.876 


1.026 


#2 


1.074 


0.514 


0.942 


1.064 


0.953 


1.049 


#3 


0.655 


0.084 


0.586 


0.618 


0.567 


0.623 


#4 


0.649 


0.066 


0.629 


0.674 


0.611 


0.743 


#S 


0.555 


0.061 


0.521 


0.557 


0.506 


0.541 


#6 


0.447 


0.091 


0.436 


0.443 


0.418 


0.551 


#7 


0.554 


0.074 


0.515 


0.577 


0.504 


0.627 



*A5 detected by an ELISA, in which various inhibitors at 80 }jQ/m\ were mixed with 
Ah2 (0.4 Jig/ml) and added to plates coated with Fab 96.5. HRP-conjugated goat 
anti-mouse igG1 was added to the plates and incubated for 1 hour, followed by 
addition of OPD. OD was measured at 492 nm. 



25 

TakBn togelher, our findings indicatB that tlie seven Ab2 tested oould bind to mAb 133.3, perhaps at Hs antigen- 
binding site, with Hie exception of #2 wliich does not bind to mAb 133.3 at its antigen-binding site. (#2 does however 
bind to mAb 1 33.3, apparently at other than its antigen-binding site; see Figure 1 7.) 

30 8.2.4. INDUCTION OF AN Ab3 RESPONSE 

The seven Ab2 were tested lor their ability to induce an Ab3 antibody response in mice. In the first sets of experi- 
ments, syngeneic (BALB/c) mice were immunized with Ab2. For most of these experiments, the Ab2 were conjugated 
with KLH. 

3s After the immunization with Ab2, sera of the mice were tested for the presence of Ab3 detectable by its ability to 
bind to Ab2. Several dilutions of the mouse sera were mixed with the respective Ab2, and added to Immunolon plates 
coated with Fab 96.5 (as Abl). Goat anti-mouse IgQI-HRP was then used to detect the binding of the Ab2 to the Fab 
96.5 (Table XV). 

40 
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TABLE XV 



B 


INHIBITION OF THE BINDING OF Ab2 TO 
Fab 96.5 (AS Abl) BY SERA FROM BALB/c 
MICE WHICH HAD BEEN INJECTED WITH 
THE RESPECTIVE Ab2* 


Ab2 Number 


% Inhibition 


10 




1st Bleeding 


2nd Bleeding 




#1 


90 


96 






100 


99 




#2 


96 


97 


IS 












95 


98 




#3 


85 


100 






83 


98 


20 


#4 


82 


96 






86 


87 




#5 


74 


92 






75 


94 


25 










#6 


0 


89 






25 


50 




#7 


73 


91 


30 




77 


92 



*Sera were diluted 1 :10. The respective Ab2 
was conjugated to KLH prior to injection into 
mice. Data are given for each of 2 mice/group 
and for 2 subsequent bleedings of the mice. 

35 



As shown In Table XV, serum derived solely from ttie first bleeding inhibited the binding of Ab2 to Fab 96.5. Ttie 
amount of inhibitory activity increased after a second boost. 

40 We next tested whether sera from the immunized mice could bind to p97 (like an Ab1). Soluble p97 antigen was 
plated, and diluted mouse sera added (after blocking), followed by goat anti-nmuse IgG-HRP. Sera from mice Immu- 
nized with either of two fih2, #3 or #7, bound to p97, while sera from mice immunized with any of the other five Ab2, 
including #5, did not bind to p97 (Fig. 18}. As a positive control, we titrated the binding to p&7 of either mAb 96.5 or a 
mouse anti-p97 serum, and compared the binding observed with that seen using sera from mice immunized with either 

45 Ab2 #3 or #5. The data showed that the latter sera contained p97-specrfic Ab3 in a concentration of approximately 1 -5 
\igMi . The ability of Ab2 #3 or #7 to induce an Abl -like Ab3 response thus indicated that these Ab2 were internal image 
antibodies. 

To further test the sjseciflcity of the Al33 for p97, sera from Ab2-immunized mice were absorlsed with 1x10^ cells 
from either the p97-po6itive nnouse melanoma line 2A or from its p97-negative parent (as a contn^l), before the sera 

50 were added to p97 which had been coated onto plates. The binding of the Ab3 to p97 was then detected by using a 
goat anti-mouse IgG-HRP conjugate. As shown in Figure 19 (Panels A and B), sera from mice immunized with either 
Ab2 #3 or #7 contained Ab3 which bound to p97, and this Ab3 activity was removed by absoiption with 2A cells but not 
by absorption with par cells. There was a lower amount of binding to p97 with sera from mice immunized with either Ab2 
#4 or #5, and this binding was also inhibited by absorption with 2A cells (Fig. 19, Panels C and □}. Neither normal 

55 mouse serum nor serum from mice immunized with P 1 . 1 7 (as a control) contained antibodies which bound to p97. while 
the binding of purified mAb 96.5 to p97 could be completely abrogated by absorption with 2A cells (Fig. 20), tiie binding 
of serum antibodies from mice immunized with p97 was only partially inhibited, as was the Ab3 activity of sera from 
mice immunized with either Ab2 #3 or #7. 

An Ab3 response was also detected in C3H/HeN mice after immunization with Ab2 conjugated to KLH. Serum from 
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the immunized C3H/HeN mice bound to soluble p97 antigen in a solid piiase ELISA (Figs. 21 , 22). Absorption of the 
mouse seiB with either 2A or par cells before Ihey were tested for binding to soluble p97 verified that the binding was 
to p97. 

Experiments were also done in which BALB/c and C3H/HeN mice were immunized with an Ab2 which had not been 
oonjugated to KLH. Sera of these mice were found to contain antibodies which bound to Fab 96.5. To determine 
whether these antibodies were Ab2 which still remained in the circulation, or whether any Ab4 had been induced, an 
ELISA was performed with HRP conjugates which could identify not only lgG1 (the isotype of the Ab2], but also Ig32b 
and lgG3. The findings suggested that the mouse sera contained Ab4 which could bind to Ab1 and belonged to the 
lgGi2b and lgG3 classes. 

8.3. DISCUSSION 

We have made a series of mouse mAb to idiotypic determinants on mAb 96.5, which defines p97^ an epitope of 
the p97 melanoma antigen, and have analyzed them with respect to specificity and ability to Induce an Ab3 response 
in mice. Seven Ab2 were studied in some detail. Four of these Ab2 did not appear to identify the region of mAb 96.5 
involved in binding p97, since they neither appreciably inhibited the binding between mAb 96.5 and p97, nor was their 
binding to mAb 96.5 inhibited by soluble p97. However, three of the Ab2, referred to as #3, #5, and #7, respectively, pre- 
vented the binding between soluble p97 antigen and mAb 96.5, and soluble p97 prevented the binding between Fab 
96.5 and these Ab2. 

mAb 133.3 behaved similarly to mAb 96.5 when tested in binding assays with the seven Ab2, while mAb 4.1 did 
not. This was unexpected, since mAb 133.3 has been reported to identify a different epitope (p97^ than mAb 96.5, 
while mAb 4.1 has been reported to be specific for the same epitope (p97^ (Brown, J. P., et al., 1981, J. Immunol. 
127:539-546) as mAb 96.5. The reasons for the discrepancy between results obtained using an assay for competitive 
inhibition of mAb binding to target cells (jdj, and our findings, obtained with an assay measuring the binding between 
Abl and Ab2, are unknown. 

The antigen binding inhibition data were consistent with the view that three of our Ab2, #3, #5, and #7, were of the 
"internal image" type. The data did not, however, exclude alternative explanations such as steric hindrance. We there- 
fore investigated whether any of these three Ab2 could induce an immune response in mice. Since humoral antibody 
responses can generally be studied more easily and precisely than cell-mediated responses, we searched for Ab3 
which could bind to p97. 

Two Ab2, #3 and #7, induced an Abl -like Ab3 response in both BALB/c and C3H/HeN mice, thus indicating that 
they are internal image antibodies. A third Ab2, #5, whose behavior was similar to #3 and #7 when tested in vitro, did 
not induce an Abl -like Ab3 response. The binding of the Ab8 to p97 was competitively Inhibited by absorption with 2A 
cells, which express p97, but not with cells from the p97-negative par line. The fact that a response was also observed 
in the allogeneic C3l-i/HeN strain indicates that the response was not controlled by Th genes, but more likely induced 
by the Ab2 acting as an Internal image'' of the p97 antigen (Lee, V.K., et al., 1986, Biochim. Biophys. Acta 865:127- 
139). 

To obtain solely an Abl -like response in viva the conjugation of an Ab2 to KLH was necessary. When KLH was not 
used, the sera of the immunized mice contained both antibodies of the IgGI isotype of the Ab2 and antibodies which 
were of other isotypes (lgG2b, lgG3), and which may have been Ab4. If Ab4 were, indeed, generated, an Ab3 response 
may have occurred at some point. 

9. ANTI-ID IGTYPIC ANTIBODIES SPECIFIC FOR ANTI-CARCINOMA ANTIBODY L6 

Murine monoclonal antibody (mAb) LB (Abl) is an lgG2a specific for a tumor-associated carbohydrate antigen 
which is found at the surface of cells from many different human carcinomas (Hellstrom, I., et al., 1986, Cancer Res. 
391 7-3923). Anti-idiotypic mAb (Ab2} against L6 have been made. Twenty-four Ab2 were obtained which bound to Fab 
fragments prepared from L6 but not to Fab prepared from a control lgG2a. Eight of these 24 mAb oould bind at high 
concentrations to one of two mAb which were indeperKiently derived but have the same specificity as Ij6. Fourteen of 
the 24 Ab2 could inhibit the binding of L6 to antigen on cells. Six of these 1 4 Ab2 were unable to birx:! to Fab fragments 
prepared from L6 and already bound to LB antigen-positive cells. Using cloned variable region gene segments, it was 
found that two of these 6 Ab2 oould specifically recognize the L6 heavy chain variable region associated with an in-ele- 
vant light chain, while the remaining 4 recognize a combinatorial determinant, requiring L6 heavy and light chain varia- 
ble regions to be associated. In contrast, all of 8 tested Ab2 which bound to L6 Fab attached to cells, could also bind to 
the isolated light chain variable region. The 6 Ab2 which did not bind to L6 Fab fragments attached to cells were injected 
into BALB/c and C3l-l/HeN mice. Two of them (possibly more} induced polyclonal antibodies (Ab3) which expressed the 
same Idlotype as L6, txsund to LB-positive tumor cells and competed with LB for its antigen-binding site. 
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9.1. MATERIALS AND METHODS 
9.1.1 . ANIMALS 

Six-to-eight week old BALB/c and C3H/HeN female mice were obtained from tiie Animal Fadiitles at the Fred 
Hutchinson Cancer Research Center. They were used throughout the study unless othenvise indicated. 

9.1 .2. CELL LINES 

Human oolon carcinoma line H-3347 (Hellstrom, I., et al., 1986, Proc. Natl. Acad. Sci. U.S.A. 83:7059-7063) 
expresses high levels of the antigen defined by L6. The CEM human T cell line, which does not bind Lj6, was included 
as a negative control. 

9.1.3. ANTITUMOR ANTIBODIES ("ABr') 

Monoclonal antibody L6 (lgG2a) was employed as the antitumor mAb (Abl) in this study Its development and char- 
acterization is described elsewhere (Hellstrom, I., et al., 1986, Cancer Res. 46:3917-3923; Hellstrom, I., et al., 1986, 
Proc. Natl. Acad. Sci. U.S. A. 83:7059-7063). mAb F26 (igGI) and 012/28-24 (igG2a) are made by hybridomas which 
resulted from the fusion of spleen cells from BALB/c mice immunized with carcinoma tissue; hybridization and selection 
was similar to that resulting in LS. The latter two mAb compete with L6 for binding to carcinoma cells. mAb 96.5 (Brown, 
J.R, et al., 1981, J. Immunol. 127:539-546} and myeloma protein PI. 17 (American Type Culture Collection Accession 
No. TIB 10], which are botii lgG2a, were used as controls. Fab fragments were made from L6 and 96.5 by papain diges- 
tion (jsD, and are termed Fab L6 and Fab 96.5, respectively 

9.1.4. GENERATION OF ANTI-ID lOTYPIC ANTIBODIES {AB2\ 

A protocol was used which had been successfully employed to generate Ab2 relating to a different tumor antigen, 
p97 (see Section 8, suprq) . BALB/c mice were immunized with 1 00 ^g of L6 which had been coupled to keyhole limpet 
hemocyanin (KLH) as described (Streicher, H.Z., etal., 1986, J. Immunol. 136:1007-1014). The first immunization was 
given subcutaneously in complete H37Ra adjuvant (Difoo, Detroit, Ml), and a second dose was given in incomplete Fre- 
und*s adjuvant Intraperltoneally (i-pO 4 weete later. Two to four subsequent Immunizations were done i.p. in saline at 
two-week intervals. 

Spleens were removed 3 days after the last t»ost, and the spleen cells were fused witii NS-1 myeloma cells by cen- 
trifugation with polyetiiylene glycol. After 10 days, tiie hybridomas were screened by an ELISA against Fab fragments 
which had been prepared from L6 (referred to as L6 Fab) and were coated onto 96-well Immunolon II plates (Dynatech, 
Chantilly, VA). The binding to L6 Fab was detected by separately using each of tiiree different reagents: a rabbit antise- 
rum to mouse IgGI which had been coupled to horseradish peroxidase (HRP) (referred to as IgGI-HRP), a HRP-con- 
jugated rabbit antiserum to mouse lgG3 (referred to as anti-nwuse lgG3-HRP), or protein A coupled to HRP fprotein 
A-HRP"); these reagents were obtinaed from Zymed (South San Francisco, CA). Antibodies binding to Fab L6 were 
tested for binding to Fab 96.5 to exclude nonspecific binders. Hybridomas appearing to produce mAb to the idiotype of 
Ij6 were cloned twice by limited dilution, followed t>y testing of all subclones. 

9.1.5. AB2 PURIFICATION 

Four-lo-six week old male BALB/c mice were primed with pristane. Ten days later, tiiey were injected with 5x10^ 
Ab2-producing hybridoma cells and ascites was collected 3 to 8 weeks subsequently. Ascites containing lgG2a and 
lgQ2b antibodies was purified over protein A columns (Brown, J.P., et al., 1981, J. Immunol. 127:539-546), and lgG1- 
containing ascites was purified by ammonium sulfate precipitation, followed by DEAE-Sephacel (Pharmacia, Uppsale, 
Sweden) chromatography. Purified Ab2 were tested for binding to Fab L6 as well as for inhibition of tiie binding of LB to 
H-3347 cells (as described below). 

9.1.6. INHIBITION ASSAY TO DETECT AB2 BINDING TO THE PARATOPE REGION OF US 

An assay was used similar to one previously employed in the p97 system (see Section 8, SL43ra) . Supernatants con- 
taining Ab2, or purified Ab2 were mixed with mAb L6 for a final concentration of 0. 1 -0.4 \iq/LB per ml. The mixture was 
incubated in a 96-well tissue culture plate (Falcon, Becton Dicldnson, Oxnard, CA) for 30 minutes at room temperature, 
after which It was added to glutaraldehyde-f ixed H-3347 carcinoma cells which had been attached to tiie wells of a 96- 
well plate. Binding of L.6 to the H-3347 cells was detected by an ELISA using a goat antiserum to nwuse IgG coupled 
to HRP, or protein A coupled to HRP. Data were expressed as percent inhibition of tiie binding of Ij6 to the cells in the 
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presence of the Ab2. 

9.1.7. BLOCKING ASSAY TO DETECT COMPETITION BETWEEN AB2 AND ANTIGEN FOR L6 BINDING SITES 

Thirty \ig/m\ of Fab L6 were added to 5 x 10^ H-3347 carcinoma cells In a propylene tube. After a 30 minute incu- 
bation at 4°C, the cells were washed to remove any unbound Fab. Purified Ab2 were labelled with flourescein isothio- 
cyanate (FITC). Various concentrations of the labelled Ab2 were added to the propylene tube, followed by incubation at 
4°C for 30 minutes and washing. Ab2 binding was detected using an EPIC-C model flourescein-activated cell sorter 
(FAC8}, as previously described (Hellstrom, I., etal., 1986, Cancer Res. 46:3917-3923). This experiment was also per- 
formed with phycoerythrin (PE) labelled LB instead of uniabelled L6 Fab fragments. 

9.1.8. CLONING OF L6 HEAVY AND LIGHT CHAIN VARIABLE REGION GENE SEGMENTS 

DNA was isolated as described in principle by Blin and Stafford (1976, Nucl. Acids Res. 3:2303-2308) and In more 
detail by Ledbetter et al. (1987, Mol. Immunol. 24:1255-1261). It was digested with either Eco RI or Hindlll and size frac- 
tionated on sucrose gradients (Maniatis, T., et al., 1982, Molecular Cloning, A Laboratory Manual, Cold Spring Harbor 
Laboratory, New Yorl^. Gradient fractions containing specific variable (V) regions were identified by Southern blot anal- 
ysis (Southern, E.M., 1975, J. Mol. Bioi. 98:503-507). Tlie expressed alleles were identified by virtue of their lade of 
detection in Southern Blot analysis of non-producing L6 siislines. EooRI-digested DNA containing the expressed IS 
heavy chain V region gene segment was cloned into the EMBL3 lambda phage vector (Promega Biotech, Madison, Wl) 
with Gigapack packaging exiracts (Stratagene, La Jolla, CA), plated, and screened using an Xba l /Eco RI fragment con- 
taining the murine heavy chain enhancer. 

A 2.3 kb Hindlll fragment spanning the murine heavy chain enhancer was cloned into a pSV2-gpt vector (Mulligan, 
R.C. and Berg, R, 1980, Science 209:1422-1427) containing the human C exons as a 10.5 kb BamHI fragment derived 
from the HG3A phage clone (Ellison, J. W. , et al., 1 982, Nucl. Acids Res. 1 0:4071 -4079). The expressed variable heavy 
chain gene segment was then transferred Into the vector as a 1 0.5 kb Eco RI fragment. 

Gradient fractions containing Hindlll-diqested DNA with the expressed L6 light chain were cloned into the Xba l site 
of Lambda Zap (Stratagene) by filling in the Hindlll overhangs with the dinucleotide AG and the Xba l overhangs with CT 
thus leaving compatible overhangs for cloning. The resulting library was screened with a 1 kb Pstl/Hlndlll fragment from 
the intron separating JK and CK in the pBR322 clone containing the 9.5 kb BamH I fragment with the expressed K gene 
from MPC1 1 (Kalley, D.E., et al., 1982, Cell 29:681-689). For the chimeric light chain CKpression construct, a 1 kb Hin- 
dlll/ Xmn l fragment containing the murine K enhancer (from MPC1 1) was cloned upstream of a 2.7 kb Eco RI fragment 
encoding the human CK axon (Heiter, RA, et al., 1982, J. Biol. Chem. 257:1516-1522} in a pUC-gpt vector. The 
expressed 6 VK gene segment was then transferred into this vector as a EfioRI-MdRI fragment linkered into the unique 
Psti site. 

The chimeric light chain and heavy chain gene constructs were transfected into the mouse myeloma cell line Ag 
8.653 using a BioRad electroporator per the manufacturer's instructions, with subsequent selection on 0.5 [igM myc- 
ophenoiic acid. Similar transfections were performed using only the chimeric light chain gene construct and the SP2A) 
mouse myeloma cell line, or with the chimeric heavy chain construct and the J588L murine rriyeloma which expresses 
a murine lambda I light chain. Cell lines expressing the chimeric proteins were identified by ELISA. Chimeric US anti- 
body was purified over protein A-Sepharose and biotlnylated as described previously (Pohlit, H.M., et al., 1979, jn 
Immunological Methods, I. Lefkovits and B. Pernis, eds.. Academic Press, New York, pp. 181-194). 

9.1.9. ASSAYS FOR L6 ANTI-IDIQTYPE VARIABLE REGION SPECIFICITY 

Competition assays were performed by coating Immulon II plates with 100 m.1 of mAb 187.1 (provided by Dr. Dale 
Yelton), followed by three washes, and then supernatant from cultures of the L6 anti-idiotypic mAb. TTie plates were 
then washed again, and 100 }il of unlabelied competitor was added at a concentration of 6 ^.g^il. The unlabelied com- 
petitors were either culture supernatants from transfectants expressing the L6 chimeric variable heavy chain associated 
with the J558L light chains, or the L6 chimeric variable light chain only, or media spiked with purified chimeric L6 mAb 
or PW P3281B8 (a control, irrelevant human IgGI antibody}. After 80 minutes at 30^*0, 50 jil of a 1 \xqM solution of 
purified biotlnylated chimeric Ij8 antibody was added to the 1 00 |il volume already present in the well. TTiis was allowed 
to incubate for an additional hour at 37^C, then the plate was washed, incubated with Avidin-HRP (TAGO, Burlingame, 
CA) (1 :1000 dilution for 30 minutes at room temperature), washed again, and developed with TMB chromogen in buff- 
ered substrate (Genetics Systems, Seattle, WA}. The data was expressed as % inhibition, with no competitor (media 
only} taken to be 1 00% with the background value (no Ab2} subtracted. 
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9.1.10. INDUCTION OF AN AB3 RESPONSE 

Six-to-eight week old BALB/c and C3H/HeN females were immunized with 50 \iq Ab2 which had been conjugated 
with KLH (Streicher, H.Z., etal., 1986, J. Immunol. 136:1007-1014). A similar second immunization was done one week 
5 after the first one, fDllowed by a third and fourth immunization performed at 1 -week Intervals with the Ab2 given In phos- 
phate buffered saline (PBS), and subsequent immunizations were done at 2-week intervals with the Ab2 in PBS. All 
immunizations were done i.p. After 4 weeks, the mice were bled periodically and their sera were tested for the presence 
of (polyclonal) Ab3. 

10 9.1.11. PURIFICATION OF POLYCLONAL AB3 

Sera from mice immunized with Ab2 were collected between 6 and 20 weeks after the first immunization and 
pooled. Ten mg of tiie respective Ab2 were conjugated to 1 ml of cyanogen bromide-activated Sepharose 4B (Pharma- 
cia, Piscataway, NJ), and chromatography was done according to the manufacturer's instructions, so as to enrich for 
15 Ab3 which could bind to the respective Ab2. 

9.1.12. MEASUREMENT OF THE ABILITY OF AB3 TO INHIBIT THE BINDING OF AB2 TO L6 Fab 

A previously described assay was used (see Section 8, supra) . Sera or purified Ab3 to be tested for Ab3 were 
20 mixed with a fixed concentration (2.0 jig/ml) of purified Ab2 and added to an Immunolon II plate whose wells had been 
coated with Fab Ij6; mAb L6 and PBS were used as positive and negative controls, respectively. Following 30 minutes 
of Incuiaation, the binding of Al32 to Fab LB was detected by an ELISA using a rabbit anti-mouse igG1 HRPy^roiein A- 
HRP cocktail. Data were expressed as percent inhibition of the binding of Ab2 to Fab L6 by the Ab3 serum. 

25 9.1 .13. ASSAY FOR BINDING OF AB3 TO CELLS 

Various dilutions oF mouse serum to be tested for Ab3 or purified polyclonal Ab3 (in 50 \s\ amounts} were incubated 
at 4°C with 5x10^ H-3347 cells for 30 minutes in polypropylene tubes. Culture medium, serum from mice immunized 
with mAb 96.5 or with P1 .17, and normal mouse serum were used as negative controls. Cells were washed twice in 
30 media. Binding of Ab3 to target cells was detected by a goat anti-mouse IgG labelled with FITC (Tago, Buriingame, CA}; 
50 [il was added to the mixture of mouse serum and tumor cells and incubated for 30 minutes. After washing twice in 
media, the cells were analyzed using FAGS. GEM cells, which do not express the antigen defined by LB, were used as 
a negative target cell control. 

35 9.2. RESULTS 

9.2.1 ■ GENERATION OF ANTI-ID lOTYPIC mAb fAB2) TO IjS (ABI) 

Hybridomas producing anti-idiotypic mAb were obtained by immunizing BALBfc mice with L6 and fusing their 
40 Spleen cells with nryeioma NS-1 , followed by screening of the hybridoma supernatants for binding to Fab IjS. Gells from 
wells with supernatants binding to Fab Ij6 were cloned twice and the clones tested for their ability to make mAb binding 
to Fab Ij6 and not to Fab 96.5 (used as a negative control). From 8 fusions, 24 hybridomas which made mAb to Fab L6 
were isolated, stabilized arx:! used for ascites production; they represented several different Isotypes fJatHe XVI). 
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TABLE XVI 



ANTI- IDIOTYPIC mAb TO mAb LS 


Anti-idiotypic 
hybridoma 


Anti-idiotypic 
mAb(/\b2) 


Binding to parat- 
ope region of L6* 


Isotype 


4/1-6-1 


L6 anti-Id 1 


Yes 


[gG2b 


4/2-4-1 


L6 anti-Id 2 


Yes 


lgG2b 


4/3-2-1 


L6 anti-Id 3 


Yes 


lgG2a 


4/5-1-1 


L6 anti-Id 4 


Yes 


lgG2b 


5/4-2-2 


L6 anti-Id 5 


No 


lgG3 


6/14-2-2 


L6 anti-Id 6 


Yes 


IgGI 


6/13-3-1 


L6 anti-Id 7 


Yes 


igGi 


6/20-4-5 


L6 anti-Id 8 


Yes 


IgGI 


7/10-2-3 


L6 anti-Id 9 


Yes 


IgGI 


5/14-2-6 


L6 anti-Id 10 


Yes 


IgGI 


5/15-3-1 


L6 anti-Id 1 1 


Yes 


IgGI 


10/24-1-5 


L6 anti-Id 12 


Yes 


IgGI 


10/20-2-3-1 


L6 anti-Id 13 


Yes 


IgGI 


11/48-3-14 


L6 anti-Id 14 


Yes 


IgGI 


11/75-1-3 


L6 anti-Id 1 5 


Yes 


lgG2a 


11/B1-1-2 


L6 anti-Id 1 6 


No 


IgM 


1 1/80-3-8 


L6 anti-Id 17 


No 


igM 


10/30-1-6-28 


L6 anti-Id 18 


No 


lgG3 


10/36-1-1 


L6 anti-Id 19 


No 


lgG3 


11/5-31-2-4 


L6 anti-Id 21 


No 


lgG3 


1 1/26/2-4 


L6 anti-Id 22 


No 


lgG3 


1 1/27-5-5-4 


L6 anti-Id 23 


No 


lgG3 


9/66-11-2 


L6 anti-Id 24 


No 


lgG3 


10/46-6-4 


L6 anti-Id 25 


No 


igG3 



^Defined as the ability to inhibit mAb L6 from biriding to its target 
antigen on H-3347 carcinoma cells. 



Ab2 purified fronn tlie ascites was used for liirther testing (see below). 

9.2.2. CHARACTERIZATION OF AB2 BINDING TO IDIOTOPES ON L6 

An initial screening identified 14 of 24 hybridomas tested which made Ab2 inhibiting 90-100% of the binding of Ij6 
(tested at 0.2-0.4 jig/ml) to carcinoma cells and were further tested for the ability to inhibit Uie binding of Ij6 to its target 
antigen on ceils. Such inhibition is expected to occur if the Ab2 reacts with the idiotope region of iJ6. An ELISA was used 
for this purpose, utilizing glLitaraldehyde-fixed H-3347 cells as a source of antigen. As shown in Figure 23, the birxding 
of L6 (0.2 Jig/ml) to carcinoma cells was inhibited when Ab2 was added at a concentration of 0.5 ^ml and 5 ^ml. 
Two of the Inhibiting Ab2 were lgG2a, 3 were lgG2b, and the remaining 9 were IgGI , while none of 7 lgG3 or 2 IgM 
antibodies was inhibitory. 

The 1 4 Ab2 which could inhibit Ihe binding of L6 in Ihe above-described solid-phase assay were labelled with FITC 
for analysis. Each conjugate was analyzed by an ELISA for the ability to bind to Fab L6 as well as the ability to prevent 
L6 from binding to antigen-positive carcinoma cells. TTiis was done to ascertain that the labelled antibodies behaved 
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exactly like unlabelled antibodies. When Hie FITC-labelled Ab2 were added to the Fab Ij6, which had been added in a 
satuiation dose, to H-d347 cancinomas cells, it was found that 8 of the 14 Ab2 could still bind to the Fab L6, while the 
binding of 6 Ab2 was completely inhibited (Fig. 24). When PE-labelled L6 was used instead of Fab Ij6 in this assay it 
was found tliat the Ij6 remained bound to the cells and was not displaced in the presence of the 6 non-binding Ab2 (Fig. 

5 25). 

The S Ab2 which inhibited the binding of L6 to its target antigen, and which were unable to bind to previously bound 
Fab LB or cells, were selected for further testing. The studies reported in the following sections were performed on sam- 
ples of these 6 Ab2 and primarily aimed to identify Ab2 capable of acting as "internal images" of the lJ6-def ined antigen. 

10 9.2.3. SPECIFIC!^ OF THE LS^ENERATED AB2 

There are two mAb, F2-6 arx:! 012/28-24, which have the same specificity as L6 when tested on the FACS in com- 
petitive binding inhibition assays. Samples of these two mAb were mixed with various concentrations of Ab2 to test 
whether the latter could inhibit the binding of the two ("L6-look-allke") mAb to carcinoma cells. None of the 14 Ab2 
15 tested inhibited the binding of 01 2/28-24 to the L6-def ined antigen, when assayed similarly as shown for L6 in Fig. 26. 
Eight of the fourteen Ab2 tested could inhibit binding of F26 at high concentrations, 20 to 200 ^g/ml inhibiting 1 jig/hni 
of F26. This suggests that 01 2/2&24 has a different idiotype from that of L6, and that F26 and LB may have overlapping 
idiotopes. 

20 9.2.4. AB2 EPITOPE SPECIFICITY 

The epitope specificity of the LB antl-ldlotypic monoclonal antibodies was demonstrated In competition experiments 
in which either IjS, the chimeric L6 heavy chain associated with the J558L murine lambda 1 light chain, the free chimeric 
Ij6 light chain, or an irrelevant human IgGI , was tested for their ability to compete for each anti-idiotypic antibod/s bind- 

25 ing to biotinylated chimeric 1-6 (Fig. 27). Each of the 14 Ab2 were shown to specifically recognize the cloned Ij6 V 
regions by virtue of their ability to bind the biotinylated chimeric L6 molecule. The binding was shown to be inhibitable 
by unlabelled chimeric Ij6, but not an irrelevant human lgG1 . Eight Abs could be inhibited to an appreciable degree by 
the free chimeric Ij6 light chain (#1 , #2, #4, #6, #7, #8, #9, and #1 5) but not by the chimeric heavy chain associated with 
mouse lambda 1, and therefore the eight Abs recognize an L6 variable heavy chain associated determinant. These 

30 eight are the Ab2 which are able to bind the L6 Fab bound to cells. Two of the Ab2 (#12 and #13} were inhibitable by 
the L6 chimeric heavy chain associated with the J568L light chain, but not by the free chimeric light chain, and they thus 
recognize an L6 V-associated determinant. The remainder of the Ab2 (#3, #10, #11, and #14) were not inhibitable by 
either of the cloned V regions separately, and must therefore, be specific for a combinatorial determinant formed only 
by the assembly of the appropriate V regions. These results were also confirmed through direct birxiling studies. 

35 

9.2.5. INDUCTION OF ABS 

Five of the 6 Ab2 which appeared to be binding-site-related were conjugated to KLH and used to immunize BALB/c 
and C3H/HeN mice, as described in Section 9.1.4. The mice were periodically bled and boosted, and their sera were 
40 analyzed. 

A binding inhibition assay was first performed to determine whether the immunized mice appeared to make any 
Ab3 which could be identified by its ability to bind specifically to Ab2. Various dilutions of sera from the mice were mixed 
with Ab2 (1 .0 pg/ml), the mixtures were applied to plates coated with Fab L6, and the binding of Ab2 to the Fab L6 was 
determined by an ELISA. Results were expressed as percent inhibition of the binding of Ab2 to Fab 16 in the presence 
45 of the given mouse serum. As shown in Fig. 28, the binding of Al32 (1 .0 pg/ml) to Fab L6 was inhibited over 90% at a 
1 :200 dilution of several of the immune nwuse sera. The affinity purified antisera were found to inhibit binding of Ab2 in 
the same assay This was seen for all the Ab2 tested and indicates that Aba were produced to the Ab2 paratope region. 
The induction of Ab3 antl-ldiotypic to Ab2 was similar In BALB/c and C3H/HeN mice. 

50 9.2,6, ABILITY OF ABS TO BIND TO THE ANTIGEN DEFINED BY Ij6 

If an Ab2 acts as an "internal image" of the L6 antigen, it should be able to invoke an Ab3 that binds specifically to 
the antigen defined by Ij6 (Abl). To test the antigen specificity of the generated in mice immunized with Ab2, vari- 
ous dilutions of the affinity purified immune mouse sera were tested for binding to cells from the L6-positive carcinoma 
55 lines H-3347; OEM cells to which Ij6 does not bind were used as the negative control. Sera from C3H/HeN mice (Rg. 
29) which had been immunized with Ab2 #1 1 and #12 and sera from BALQ^c mice (Fig. 30) immunized with Ab2 #14 
bound to Ihe carcinoma cells. 
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We have generated monoclonal anti-kJiotypic antibodies (Ab2) to a mouse mAb, L6p which binds to a carbohydrate 
antigen expressed on many human carcinomas. The Ab2 were first screened for binding to Fab L6 fragments, followed 

5 by screening for their ability to inhibit the binding of LB to its target antigen on carcinoma cells. Out off a total of 24 Ab2 
initially selected for binding to Fab L6, 14 Ab2 inhibited the binding of Ij6 to antigen-positive carcinoma cells. Six of the 
latter AAj2 were unable to bind to LB Fab fragments previously bourKl to antigen on cells, suggesting that they Identify a 
region of LS which is associated with its antigen-binding site. When these 6 Ab2 were tested for binding to cloned LB 
light and heavy chain variable regions, 4 Ab2 bound only to a combination of the appropriate V regions, while 2 Ab2 

10 recognized the variable heavy chain region associated with an Irrelevant variable light chain, and none could bind light 
chains. In contrast, all of 8 tested Ab2 which bound to free chimeric Fab LS attached to cells could bind to chimeric LS 
light chains. 

An Ab1 -like response in vivo was obtained only when using those Ab2 which did not bind to Fab L6 attached to cells 
and which bound to either a combinatorial or a variable heavy chainnassociated determinant. In contrast, of those Ab2 
15 which bound to Fab L6 attached to carcinoma cells and to isolated chimeric L6 light chains, all failed to induce an Abl - 
like Ab3 response in mice. 

Ab2 #1 1 , #12, and #1 4 behaved as "internal image" Al32 In several different types of assays. 

Two Ab2 (#11, #12) could induce an Abl -like Ab3 response in mice. Sera from mice immunized with any of these 
Ab2 were able to bind with the same specificity as LB to carcinoma cells. Since an AI^S response was induced in allo- 
20 geneic C3HyHeN mice, it was not allotype restricted, as would have been expected if the Ab2 had served as an immune 
regulator (Lee, V.K., etal., 1986, Biochim. Biophys. Acta 865:127-139). Rather, the Ab2 behaved as an "internal image'' 
(Uriaain, J., et al., 1982, Ann. Immunol. 1330:179-189; Lee, V.K., etal., 1986, Biochim. Biophys. Ada 865:127-139) of 
the L6^efined antigen. It was also found that one Ab2 (#14} could induce an Ab1-like Ab3 response in the syngeneic 
system. 

25 

10. DEPOSIT OF MICROORGANISMS 



The following hybridoma cell lines, producing the indicated monoclonal antibody, have been deposited with the 
American Type Culture Collection, Rockville, MD, and have been assigned the listed accession nuni}er. 

30 





Hybridoma 


Monoclonal 
Antibody (Ab2} 


Related Antigen 


Date of Deposit 


Accession Number 


3S 


Cell line 2C1 


2C1 


human melanoma-asso- 
ciated GD3 ganglioside 
antigen 


7-17-87 


HB9484 




Cell line #3 (24.89/1 .3 cl.5) 


#3 


human melanoma^sso- 
ciated p97 antigen 


8-13-87 


HB 9498 


40 


Cell line #7 (24.6/28.2 ci.1) 


#7 


human melanoma-asso- 
ciated p97 antigen 


8-13-87 


HB 9497 




5/15-3-1 


#11 


human carcinoma-asso- 
ciated Ij6 antigen 


9-18-87 


HB9544 


45 


10/24-1-5 


#12 


human carcinoma-asso- 
ciated Ij6 antigen 


4-1-88 


HB9681 




11/48-3-14 


#14 


human carcinoma-asso- 
ciated L6 antigen 


4-1-88 


HB9680 


SO 


4/1-6-1 


#1 


human carcinoma-asso- 
ciated LS antigen 


9-18-87 


HB9546 




6/14-2-2 


#6 


human carcinoma-asso- 
ciated Ij6 antigen 


9-18-87 


HB9545 



55 



The present Invention Is not to be limited in scope by the cell line deposited since the deposited embodiment Is 
intended as a single illustration of one aspect of the Invention and any cell lines which are functionally equivalent are 
within the scope of this invention. Indeed, various modifications of the invention in addition to those shown and 
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deecribed herein will become apparent to those skilled in the art from the foregoing description and acoompanying 
drawings. Such modifications are intended to liaii within tiie scope of the appended claims. 

It is also to be understood tiiat all base pair sizes given for nucleotides are approximate and are used for the pur- 
pose of description. 

Claims 

1. A monoclonal anti-idiotypic antibody comprising a monoclonal antibody which specifically recognizes an idiotype 
present on a second antibody that defines the human melanoma associated p97 antigen. 

2. The monoclonal antibody of claim 1 comprising monoclonal antibody #3, as deposited with the ATCC and assigned 
acoBSslon number HB 9498. 

3. The nmnoclonal antibody of claim 1 comprising monoclonal antibody #7, as deposited with the ATCC and assigned 
accession number HB 9497. 

4. The Fv, Fab, Fab', or F(ab')2 fragment of the monoclonal antibody of anyone of claims 1 to 3. 

5. A method for nmnitoring the levels of an anti-idiotypic antibody irx:luced in a patient with a tumor, which patient has 
been or is concurrently being administered an anti-tumor antibody, which anti-tumor antibody expresses an idiotype 
directed against a defined tumor antigen, comprising measuring the level of the anti-idiotypic antibody in the 
patient's sera by use of a competitive Immunoassay employing a monoclonal antl-ldlotypIc antibody, which mono- 
clonal anti-idiotypic antibody specifically recognizes the idiotype of the anti-tumor antibody. 

6. The method according to claim 5 in which the tumor antigen comprises a melanoma antigen. 

7. The method acooiding to claim 6 in which the melanoma antigen comprises p97. 

8. The method according to claim 7 in which the auto-arrti-idiotypic antibody oomprises nmnoclonal antibody #3, as 
deposited with the ATCC and assigned accession number HB 9498, or 

nnonoclonal antibody #7, as deposited with the ATCC and assigned accession number HB 9497. 

9. The use of a monoclonal anti-idiotypic antibody, or a fragment or modification thereof, to a patient, in which the 
monoclonal antl-idlotypic antibody specifically recognizes a second antibody Idiotype that Is directed against a 
defined antigen specific for a melanoma for preparing a pharmaceutical composition for the treatment or prevention 
of a melanoma (in vivo). 

10. A process for producing a monoclonal anti-idiotypic antibody as defined In claims 1 to 3, comprising: 

a) obtaining a hybridoma by fusing 0) an antibody-producing cell derived from the spleen of an animal immu- 
nized with the p97 antigen or an antibody or T cell having an idiotype that recognizes the pg7 antigen with (ii) 
a myeloma cell; 

b) propagating the hybridoma of step a; and 

c) harvesting the monoclonal antibodies produced by the hybridoma. 

1 1 . The process according to daim 1 0 in which the hybridoma is propagated in vivp. 

1 2. The process acoording to claim 1 0 In which the hybridoma Is propagated by injecting a prlstane-prlmed mouse and 
growing an ascites tumor and tiie monoclonal antibodies secreted into the ascites are purified by affinity chroma- 
tograpfry on protein A sepharose or by amnmnium sulfate precipitation. 
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FIG. 1 
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FIG. 6 
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